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ALLEN HAZEN, 


President New England Water Works Association, 


i Ns 


NEW ENGLAND WATER WORKS ASSOCIATION, 


ORGANIZED 1882. 


Vol. XXV. March, 1911. No. 1.° 


This Association, as a body, is not responsible for the statements or opinions of any of its 
members. 


GAS PRODUCER PUMPING PLANTS AT MANCHESTER, 
; MASS. 


BY RAYMOND C. ALLEN, ASSOCIATE MEMBER AMERICAN SOCIETY 
: CIVIL ENGINEERS. 
[Read January 11, 1911.] 


The town of Manchester, or, as it is frequently called, 
Manchester-by-the-Sea; is a very pretty little town on the coast 
of Massachusetts Bay, between Beverly and Gloucester. It has 
a population of about 2800, which is increased during three 
months by a large summer population to from 4500 to 5000, 

The summer estates are held in comparatively large tracts, 
and landscape gardening is carried to a high state of development, 
requiring as a result an abnormally large amount of water. 

The original water supply in Manchester was derived from driven 
wells in the village, and was installed in 1891 and 1892 under the 
direction of Mr. Percy M. Blake, and was designed to supply 
about 200 000 gal. per day as a maximum. 

With. the installation of the plant the town entered upon a 
period of very substantial growth along summer-resort lines, and 

‘ the need of more water soon made itself felt. 

This need was met from time to time, over a period of some 
twelve years, by the driving of more wells, and the town was very 
fortunate, in that the watershed of its plant was able to yield up 
to about 500 000 gal. per day. During the last ten years, however, 
it became very evident that further sources of supply must be 
obtained if the needs of the community were to be properly met. 
Many propositions were discussed and none found satisfactory, 

until in 1907 the entire matter was placed in the hands of Mr. 
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Desmond FitzGerald, who, after a most painstaking and detailed 
study of the whole situation, recommended that the town secure 
the waters of Gravel and Round ponds, in the neighboring town of 
Hamilton, about three miles distant from the home pumping 
station. 

This advice was adopted by the town and the supply obtained _ 
and developed. (Fig. 1.) 

This development, of which the writer had charge, included 
the construction of about two miles of 14-in. and about one mile of 
16-in. pipe line;, the construction of a reinforced concrete reservoir 
50 ft. in diameter and 72 ft. high, having a high-water line some 
83 ft. higher than the old iron standpipe which failed to serve the 
higher hills of the town now in demand for building purposes, and_ 
the installation of new pumping machinery to raise the water to. 
the new height. 

The level of the high water in the new reservoir is 275 ft. above 
mean low water, that of the surface of Gravel Pond 50 ft.; and 
that of the floor of the home or old pumping station 22 ft. above 
the same level. 

The total head, including friction for the Gravel Pond Station, 
amounts to 236 ft., and at the home station to 260 ft. 

Owing to the fact that many years’ experience had demon- 
strated that the flow of water from the driven wells at the home 
plant was limited to about 750 000 gal. in twenty-four hours, this 
was taken to be the size of the units to be installed there, and two 
one-million gallon units were decided upon for the Gravel Pond 
Plant. 

At both stations it was decided to install units in duplicate. 

The brake horse-power necessary per unit was determined to be 
65 b.h.p. for the Gravel Pond Installation, and 50 b.h.p. for the 
home station. 

Before obtaining bids, various pumping plants were studied 
to determine upon the method to be used. Steam pumps with 
from 90 000 000 to 100 000 000 ft.-lb. test duty were investigated; 
steam turbines direct connected to multistage centrifugal pumps; 
and oil and gasoline engines with power pumps, without satisfying 
ourselves that we had obtained that best suited to our needs. 
The precedents and literature for the use of internal combustion 
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engines in pumping practice gave us but little upon which to base 
definite conclusions, and we were nearly ready to ask for bids on 
steam. pumps when our attention was called to the use of producer 
gas. 

Preliminary investigation interested us sufficiently to cause us 
to spend several weeks in travel and study of producer plants of 
about our horse-power in several of the eastern states. We visited 
such installations in numerous places and saw many and various 
types. The general efficiency obtained surprised us somewhat, 
and their reliability of operation did much to dispel many doubts 
in our minds. We saw these installations in factories where shut- 
downs meant expensive delay and financial loss, and found the 
owners generally pleased with the operation of their plants and 
that they were saving money over previous steam installations. 

After careful investigation and study we determined to ask for 
proposals for suction gas producers, gas engines, and power pumps 
for the solution of our problem. 

The next question arese as to whether we should ask for tenders 
for the complete plant, or whether we should ourselves determine 
the various component parts and install them. The first method 
had in its favor the element of undivided responsibility, and the 
guaranty of a specific duty for the complete plant; and had in its 
opposition the fact that we would have to pay a considerable sum 
for the superintendence and guaranty which, with the use of a 
little thought and study, we might save and spend to good advan- 
tage elsewhere. 

The disadvantage of the second method was chiefly the matter 
of divided responsibility and the added detail study necessary for 
the engineer. Under this method we must also assume the re- 
sponsibility of the efficiency of the combined plant, and see that 
each part of our equipment was of proper design and efficiency. 

It was finally determined to adopt the latter method, and pro- 
posals were invited for two 50 h.p. and two 65 h.p. gas producers; 
two 50 b.h.p. and two 65 b.h.p. gas engines; two 750 000-gal. and 
two 1000 000-gal. pumps. The specifications for this machinery 
were broad in their terms and stated the general problem to be 
solved. Producer makers were required to submit with their bids 
data as to the design and size of their equipment, especially in 
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relation to the grate area, scrubbing devices, and fuel efficiency 
guaranteed. 

The engine bidders were required, among other items, to state 
their efficiency at varying loads, preferably in British thermal 
units per horse-power hour. 

‘The following extract from the specifications will serve to ex- 
plain the attitude taken by the writer: “‘ It is the purpose of the 
Board of Water Commissioners to compare proposals upon the 
vasis of cost plus the quality of design and workmanship of the 
apparatus proposed, and its fitness for the conditions of the town 
of Manchester, as judged by the said board.” 

Proposals were received from six manufacturers of gas producers, 
eight engine manufacturers, and four pump firms. 

Two of the bids received for producers included engines in the 

price tendered. The others were as follows: $4950; $6 965; 
$5 565; $5720; and $5000. The fuel to be used was pea and 
buckwheat-size anthracite, averaging about 12500 B.t.u. The 
guaranties of efficiency ran from 75 per cent. to 80 per cent. of 
the heat of the coal in gas. The scrubbing arrangement in all 
but one type was-‘that of coke or wooden slats and trays. The 
standover loss for a ten-hour run averaged about one pound coal 
per horse-power. The greatest difference was found in the grate 
areas, and the amount of coal to be gasified per square foot of 
grate surface. This some of the manufacturers claimed was 
entirely an arbitrary matter and of minor importance if the 
design of the producer was proper. 

To the writer it seemed of the first importance and in deciding 
upon the producer to be used this factor was given important 
consideration by him. Data submitted showed some 50-h.p. 
producers with 3.7 and 4.9 sq. ft. area of grate and others of 
7 sq. ft. for the same rating. 

The smaller area means a greater amount of coal gasified per 
square foot of grate area with a hotter fire, more clinker, — the 
bane of the producer, — more frequent charging with consequent 
disturbance of the fire, and a more uneven gas. 

The times to be charged during twenty-four hours varied from 
every three hours to ten hours. 

The engine bids were all for four-cycle engines and varied from 
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single cylinder horizontal engines to four cylinder vertical types 
with weights running from 8 000 to 18 000 Ib. for the 50 h.p. units. 

Prices varied from $11 165 to $14 078 for two 50 h.p. and two 
65 h.p., a total of 230 h.p. 

The engine speed averaged very closely 270 r.p.m., all being 
very nearly that rate. 

The fuel guarantees ran from 1.25 lb. of coal per h.p.-hr. to 
10 000 effective B.t.u. per h.p.-hr. at full load. 

Pump bids were on triple power pumps of both the double- and 
the single-acting types, and prices ranged from $6115 to. $9 590, 
with guarantees of from 78 per cent. to 85 per cent. efficiency. 

The tabulation and study of the various bids and their many 
permutations and combinations gave the writer food for many 
hours’ careful study and was indeed a difficult task. He was 
first concerned in selecting the units, which, from the data pre- 
sented and from his observations, were best suited to the problem 
at hand. This after much balancing he determined only to find 
that he had selected nearly the most expensive combinations 
possible. Repeated attempts gave the same result and at length 
it was. determined that of the proposals presented, those of the 
Smith Gas Power Company, of Lexington, Ohio, and that for the 
Nash Engine, by the National Meter Company, of New York, 
and that of the Goulds Manufacturing Company, of Seneca Falls, 
N. Y., were best suited to our needs, and the contracts were 
awarded to them. 

The gas producers selected were of the kind termed Type B 
by the Smith Company. They operate on pea or buckwheat 
anthracite or on the semi-bituminous coals. The scrubbing device 

- is a mechanical one occupying small space, situated on the gas line 
over the producer and consisting of two revolving enclosed baffle 
plates, belt driven, from the engine and running one within the 
other in opposite directions, at a speed of about 1500 r.p.m. The 
gas passes upward through these plates and meets a spray of water 
in which it is literally washed and scrubbed, the impurities falling 
to a trap below-and running thence to the drain. 

This producer requires less room than the ordinary producer 

‘equipped with the tall tank scrubber of coke or wood and gives 
excellent results. The efficiency guaranteed was 75 per cent. to 
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80 per cent., and gas at the engine of 120 B.t.u. and 80 ft. per h.p. 
It is charged once m ten hours. 

The Nash engines selected are of the three-cylinder. type, the 
50 h.p. having cylinders 93 in. by 11 in., and the 65 h.p. having 
cylinders 103 in. by 14 in. The compression for producer gas is 
about 160 Ib.. These engines were guaranteed to give their rated 
b.h.p. on 10500 B.t.u. per h.p.-hr. at full load, 11 500 B.t.u. at 
three-fourths load, 13 500 B.t.u. at one-half load, and 23 000 B.t.u. 
at one-fourth load. Their speed is 260 r.p.m. for the 65 and 300 
r.p.m. for the 50-h.p. engines. 

The pumps are 8 in. by 10 in. and 9 in. by 12 in. double acting, 
for the 750 000-gal. and the 1 000 000-gal. respectively and are 
guaranteed as having an efficiency of 85 per cent. 

A new brick station (Fig. 2) was designed by the writer at Gravel 
Pond for the two million-gallon units, and the machinery installed 
in the spring of 1909. The pipe lines and concrete standpipe hav- 
ing already been erected, the new plant was put in commission in 
June, 1909. About the first of August of the same year, the opera- 
tives having learned to operate the new plant, the home station 
was dismantled and the old steam pumps removed, and work was 
started upon the new equipment there. This was done at the 
height of our summer season, and that the faith we reposed in the 
new plant was not misplaced is evidenced by the fact that the 
entire season’s work was carried through by this plant without 
any serious trouble whatever. 

At the end of the succeeding November, the home plant was 
set in operation, and both have been in constant use since. 

The operatives who run these plants are both old steam engineers 
and approached the work with some doubt and misgivings, having 
a large share of the feeling that while theoretically, perhaps, a 
horse-power is a horse-power, still that generated by steam is the 
most reliable. Their experience in learning the operation of the 
plants was without particular incident or difficulty, and as they 
became familiar with the new work and their interest increased, 
their efficiency kept pace with it, until they seem to have as much 
confidence in their plants as if their old friend steam was still 
working for them. 

The producer consists essentially of an upright iron cylinder 
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10 ft. high and 5 ft. in diameter, lined with suitable fire brick, into 
which coal is fed from the top. It is kept filled with coal for almost 
the entire depth, the space occupied by the bed of fire being quite 
thin. 

The operator, commencing his work with the fire standing over, 
cleans his fire by means of poking bars which are passed vertically 
down from the top of the producer through small protected holes, 
close to the lining, working the fire ash to the grate. The fire is 
shaken by a swinging grate, and the ash and clinker removed 
from the lower doors. 

Upon the skill of the operator in cleaning and coaling his fire 
rests in a great measure the best results as to economy and even 
running. It is not a difficult matter to learn, but its practice calls 
for coastant and conscientious observance, if the best results 
are to be had. 

The fire cleaned, the coal for the day’s run is placed in the 
producers. This is fed from the top, and we have arranged our 
plants in such a manner that coal is stored at the level of the 
producer top and from thence wheeled directly to the producer. 

The producer having been charged with coal, a pipe to the atmos- 
phere is opened and a draft from below forced through the pro- 
ducer, starting up the fire, and in from five to fifteen minutes 
producing a gas whose quality is tested from time to time by 
lighting a burner attached. to the line. When the flame burns at 
the right coldr for good gas the operator is ready to start his 
engine. 

Shutting off his blower, which we run from a water motor, and 
closing the ‘“ standover pipe,” the engine is started by turning 
it over by compressed air introduced into one cylinder. With the 
engine in motion from this agency, the other two cylinders draw 
in gas from the producer and commence their explosions. When 
these are occurring regularly the air is cut off from the other 
cylinder and gas admitted. 

Current for ignition is furnished by storage batteries for start- 
ing and for regular running by a belt-driven magneto floating its 
excess on the storage. cells. 

The air for starting is compressed by an air-compressor belt- 
driven from a shaft operated from the engine. Another air com- 
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pressor is belt-connected with the water motor which is used to 
operate the power blower. This second air compressor and water 
motor we installed after being left without compressed air and 
both engines at rest. 

The engines and producers are in duplicate and so arranged . 
that either engine may be used with either producer. 

With the engine running smoothly, the pump is put in by throw- 
ing in a friction clutch starting the pump with the by-pass open. 
The by-pass is slowly closed and the load is gradually picked up 
with the minimum of shock. 

In shutting down it is the custom of our operatives to shut off 
the gas from the engine and let the whole plant come to rest 
gradually. By this means there is no perceptible water hammer; 
but if the clutch were to be pulled out suddenly, a very severe water 
hammer would result. 

Pumping can be quietly and easily stopped and started at any 
time with the engine and pumps running by opening or closing 
the by-pass gradually. 

The time necessary for starting from the fire left on the night 
before varies from thirty minutes to an hour in our experience, 
depending upon whether or not the operator has a helper in clean- 
ing the fire. In an emergency the plant can be started without 
cleaning the fires, as soon as the blower can warm up the fire 
sufficiently to give good gas, or, under reasonably good conditions, 
in ten to fifteen minutes. From an empty producer I am not able 
to state how quickly the engine can be running, but we have 
accomplished it in about two and one-half hours. 

The results of operation have been very satisfactory and ful- 
filled the guaranties given us for test conditions by the makers. 

Test conditions have given us at the home plant, a pumping duty 
of 150 000 000 ft. lb. per 100 lb. of coal; or, allowing 85 per cent. 
efficiency for the pumps and a proper allowance for power for 
the scrubber, air pumps, etc., a consumption of 1.002 Ib. of coal 
per h.p.-hr., including standover. At this plant we have a load of 
about 90 per cent. of our rating. 

At the Gravel Pond Station, we have a load of but a trifle over 
three quarters of our rating, and a lower duty is naturally to be 
looked for. 
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Under test conditions at this plant under three-fourths load, we 
have obtained a pumping duty of 125 000 000; or, with the same 
allowance for efficiency of pump and shafting, a coal consumption 
of about 1.2 lb: of coal. Under a load of its rated capacity and a 
ten-hour run, the above results correspond to about 150 000 000 
duty, and just about a pound of coal per b.h.p.-hr. for the engine 
and producer duty. 


WATER CONSUMPTION 
MANCHESTER MASS. 
YEAR OF I910 
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‘We draw our water from two sources and run both plants 
throughout the year -mixing the water. (Fig. 3 shows the con- 
sumption for 1910.) 

The home plant has its hardest work in the summer when the 
load is greatest and the cold ground water is desired, making long 
runs at nearly its full capacity. 

The Gravel Pond Plant, on the other hand, runs more nearly 
uniformly, pumping about eight hours a day in the summer and 
five or six hours a.day in the winter, and at two thirds its rating. 

Under these conditions, the home plant gave for the summer 
months a pumping duty, including standover, from 104 000 000 
to 135 000 000 ft. lb., averaging about 120 000 000 ft. Ib. per 100 
Ib. of fuel. 
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During other months, when the plant is run but two or three 
days per week, and about five or six hours per day, and stands over 
the balance of the time, our duties including all standovers will 
average about: 75 000 000 for a two-day run a week. 

The results at the Gravel Pond Station, having due regard to 
the fact that the plant is run fewer hours per day and at a lower 
ratio to its capacity, are quite as good as those at the home station. 

’ From January, 1910, to January 1, 1911, the home station 
pumped 50880000 gal. against a total head of 260 ft., at an 
expenditure of coal of 131609 lb. This gives a duty of 83.3 
million ft. lb. for the entire year. 

At the Pond Station we have in the same time pumped 
66 580,000 gal. at an expenditure of 175479 lb. of coal or at a 
duty of 73.4 million ft. lb. 

These figures, I would emphasize, are including all standovers 
and items of every sort, and include four to seven months when the 
plants are run but about six hours a day for but two or three days 
each week. 

I would further emphasize the fact that, remembering what I 
-have stated, that the economical running of a producer depends 
on the skill of the operator in handling his fire, the above duties 
represent the combined handling of several men during the year. 

We are well satisfied with the result when we are able to pump 
some 118000000 gal. of water against a mean 1 total head of 
246 ft. with a total coal bill of 1533 tons. 

Our installations are for a total of 230 h.p. and cost us above the 
foundations, exclusive of pumps, $22 000, or a little less than 
$96 per b.h.p. 

Including the pumps, the cost for the total equipment on founda- 
tion was about $32 000. 

The experience of the department at Manchester is that all the 
operators who have run these two plants have learned their work 
readily and had no special difficulty in operating. 

It has also shown, — 

1. A cool, clean, uniform fire must be maintained in the pro- 
-ducer, and, to obtain this, operators must learn from experience 
how to care for and maintain their fires and be persistent in so 
doing. 
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2. The operator must keep the engine clean and well oiled, and 
the ignition and compression in perfect order. 

3. For the best economy the plants should be run at least ten 
hours per day, as a long standover and consequent cleaning and 
longer blowing up, use coal to no purpose. 

4. That under the best conditions a station duty at full load of 
150 000 000 ft. Ib. per 100 lb. of coal can be obtained; and that 
a station duty for the summer months of 125000000 and for 
the year, including about six months when runs of but two or 
three days of six hours each are made, of about 80 000 000, can be 
obtained. 

5. That our fuel cost with coal at $5 varies, for 1 000 000 gal. 
raised one foot, from an average of 1.73 cents in summer to 2.78 
cents in the short runs and long standovers of winter; and, even 
when taken for the year and under the adverse conditions men- 
tioned, the average for the year is 2.5 cents. 

These are a few of the results which we have found at Manchester 
iu the course of a year and a half of constant use, and we feel that 
they show good economy. The operation of the plant has not been 
at all difficult and the repairs very slight. 

The writer feels that, for conditions of water-supply pumping 
similar to those at Manchester, the use of gas engines operating 
from suction producers is worthy of careful consideration, not 
particularly as to first cost, but to economy,of operation. Were we 
at Manchester to install a new plant to-day, I am of the opinion 
that it would be of the type I have described to you. 


DISCUSSION, 


Mr. Frank L. Fuuuer.* I would like to ask Mr. Allen how 
nearly the Venturi meters agree with the pump displacement? 

Mr. ALLEN. . When the pumps were first installed they had a 
slip of about one per cent. At the present time it is a little less 
than two per cent.. The pumps have not been packed since they 
were put in. 

Mr. Jonn C. Cuase.f I would like to ask how near the serv- 
ice meters correspond with the meters on the suction? 


* Civil Engineer, Boston, Mass. 
+ Consulting Engineer, Derry Village, N. H. 
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Mr. ALLEN. I am working on that at the present time, but 
haven’t any results to give yet. I am interested to see how it 
will come out. 

Mr. Harry L. Tuomas.* Mr. Allen is to be congratulated 
upon the fact that the operators have had so little trouble in 
managing the plant. We do not have any trouble now, but the 
paper which I presented two years ago ¢ dealt particularly with the 
drawbacks in connection with such an installation. I might say 
that we have now conquered our difficulties and are entirely 
satisfied with the results that we are getting from our plant, so 
much so that we are in process of installing another plant, which 
will consist of a 2 million gallon pump with a 100 h.p. producer 
and an 85 h.p. gas engine. It is of a different make from our first 
plant, although of the suction type. We are getting, running 
as we now are, a duty of 90 million, and last October, when we 
were operating under conditions similar to those that obtained 
during the test of our plant in 1906, we developed 124 million. 
The duty during the test exceeded 140 million; I think it was 
between 140 and 142 million. 

‘There are a few questions I would like to ask Mr. Allen. One is 
in regard to the exhaust pipe from the engine. At first we piped 
into a cast-iron muffler, and then from this muffler out through 
the roof of the building. Now we have run the pipe into a con- 
-erete pit, which is sityated perhaps 90 feet from the building, 
and from that we lead a pipe into a dry well. We did this for 
the purpose of doing away with the noise of the exhaust, but 
we didn’t provide for any expansion of the exhaust pipe, with 
the result that an elbow near the engine, at the free end of the 
pipe, simply went to pieces. I wonder just how Mr. Allen has 
provided for expansion, if he has similar conditions. 

Another matter is about the chimney pipe from the generator, — 
whether it runs independently through the roof, or whether 
Mr. Allen considered running it into the chimney flue of the station. 

Mr. ALLEN. In relation to the exhausts, we pipe them up 
through the roof and use no muffler. One of our plants is near 
the pond, in the wilderness, and it doesn’t bother anybody. The 


* Assistant Superintendent, Hingham Water Company, Hingham, Mass. 
t Journat N. E. W. W. A., Vol. XXII, p. 1. 
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other one is down in the village, but no one seems to notice it 
very much. We have three cylinder engines and they do not 
make nearly as much noise as the average automobile with the 
muffler cut out. The nearest house is about 100 yards away, 
and the neighborhood is thickly settled, but we don’t hear any 
complaint about the noise. I think Mr. Thomas has a one cylin- 
der engine and the exhaust comes at longer intervals, and so, 
perhaps, it makes more of an impression on anybody who is listen- 
ing. 

As to our standover pipes, I had intended to put them into the 
chimney, but after I had considered it and gotten advice I con- 
cluded I wouldn’t, and piped them straight up through the roof. | 
I think the straighter and freer one of these standover pipes 
can go, the better. I was also afraid that if I put them into the 
chimney I might get a collection of gas there, and some day some- 
body might come along with a stove and put the pipe in the chim- 
ney and we would have an explosion. I think it is a good idea 
to have the pipes go as directly to the air as possible. 

Mr. Tuomas. How about coal? What luck are you having 
in purchasing a uniform quality? 

Mr. ALLEN. We are buying pea anthracite. .I don’t know 
just what the name of it is, but I am advised it has a thermal 
value of about 12 000 B.t.u. We are getting it for $5 a short 
ton delivered, and it runs pretty uniformly. We have had no 
trouble with sulphur, we have had very few back fires, and it 
gives quite a uniform gas. I am not familiar with the mine from 
which it comes, but it is the ordinary screening. We get it from a 
local dealer who screens his anthracite as it comes in. If we 
bought from the mines, we would have to buy in too large a quan- 
tity for our needs. 

Mr. Tuomas. At present we are using the Scranton Coal 
Company’s pea coal. While we have had all sorts of difficulty 
in, determining what was the best coal to use, and where to get it, 
we have finally settled upon this particular coal, which is giving 
us excellent results. We are pumping a million and a quarter 
gallons a day and burning from 1050 to 1080 pounds of coal. 
That is against 70 pounds pressure. We don’t burn much less if 
we only pump against 40 pounds. There is greater economy in 
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pumping against a heavier pressure. Our coal is costing us, 
landed at the pumping station, $5.30 a long ton. 

Mr. Hayss.* I should like to ask Mr. Allen whether the work- 
ing platform around the generator is wood or iron. 

Mr. ALLEN. Iron. 

Mr. Futter. I should like to ask Mr. Allen how much noise 
this plant makes in the building. 

Mr. ALLEN. The 65 h.p. plant makes considerable noise in 
the building. The 50 h.p. plant makes a great deal less, whether 
because it is a smaller size or not I don’t know. I think it is 
chiefly because there is a little more care taken in the timing 
gears. The pump gears have rawhide pinions and the noise from 
it is slight. The chief noise from the engine is from the cam 
shaft and the valve rods going up and down. One plant is quite 
noisy and the other quite comfortable, I should say. 


* Of F. H. Hayes Machinery Company, Boston. 
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THE RELATION OF FLIES TO THE TRANSMISSION OF 
INFECTIOUS DISEASES. 


BY HERBERT D. PEASE, SANITARY EXPERT, BOARD OF WATER 
SUPPLY, NEW YORK CITY. 


[Read September 22, 1910.] 


In the history of the development of sanitary science, as in the 
progress of all subjects where the natural sciences play a part, 
we find that the practical results have been those that have been 
sought for primarily. Thus, in the prevention of the spread of 
infectious diseases, those in which a method of transmission was 
discovered early have been the ones to which the greatest pre- 
ventive efforts have been applied. In the case of typhoid fever, 
the early discovery of its relation to polluted water was the means 
of stimulating the development of the great engineering work 
which has made it possible to eliminate water-born typhoid. 

We have come to a point where a large part of the value of the 
engineering aspects of this work have been demonstrated, and still 
we find what we are pleased to call ‘ residual” typhoid fever. 
The cause of residual typhoid fever is a matter of the very greatest 
importance, not only to the sanitarian and to the epidemiologist, 
but also to those who are working in sanitary engineering, and even 
to those who are working in the special field of water purification. 
Because, if we are to get the greatest efficiency from the water 
purification works, we must decrease the amount of pollution 
having access to them, and that means that we must cut down the 
amount of typhoid fever caused by agencies other than by water. 

If you have studied the occurrence of typhoid fever during the 
various seasons of the year in various parts of the world, you will 
find, in practically all civilized countries, that typhoid not only 
exists, but that there is what we call the “‘ autumnal increase,” or ‘ 
a special seasonal prevalence, of the disease. This has its height 
anywhere from July to October, varying in different parts of the 
world. This autumnal increase, in the opinion of many epidemi- 
ologists, has comparatively little to do with water transmission 
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of infection. For several years I have been looking for a first- 
class epidemic of typhoid fever in the late summer and early fall, 
which could be really fairly attributable to water transmission, 
and I may say that I know of none except those in which the 
pollution of the water has occurred almost immediately before its 
consumption. If the pollution has been a direct one, I think it 
is possible to have even typhoid bacilli carried by water in the 
summer time and in the early fall, but we have yet to find any 
outbreaks due to indirect water pollution in the summer season. 

If we take, for example, the city of Albany, we will find that 
its maximum incidence of typhoid fever during the years when 
it was consuming raw Hudson River water occurred in the winter 
season, and yet the autumnal increase of the disease was also 
noted in the months of August, September, and October. Not long 
ago the filter plant of the city of Poughkeepsie was in bad condition. 
There was at about the same time a tremendous increase in the 
amount of typhoid fever in that city. This was in the winter 
season, but the autumnal increase in typhoid likewise existed. 
As soon as the filter plant in Albany was installed, the winter 
typhoid fever practically disappeared, but there was still the 
autumnal increase. In the city of Poughkeepsie the same thing 
was true. When the filtration system was put in good condition, 
the winter typhoid practically disappeared, but the autumnal 
increase was still present; and in the case of Poughkeepsie it was — 
even greater than it had been before the filter was repaired and 
put in proper condition. 

Now, what is the cause of the autumnal increase in typhoid 
fever? I do not really think any of us can satisfactorily answer 
that question. There are many factors to which have been at- 
tributed the cause in part, or in large part, — namely, milk, fresh 
vegetables, foods, shellfish, and contact cases. I think most 
medical epidemiologists believe that direct contact between cases, 
convalescents, and carrier cases, is‘the cause of a large part of the 
autumnal increase in the disease, especially in cities. The contact 
due to the migration from the cities to the country and back again 
in those months undoubtedly has something to do with it, but 
yet, unquestionably, flies play a considerable réle in this increase. 

Many epidemiologists believe that the flies are the means of 
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transmitting disease in the rural districts rather more than in the 
cities. Doubtless that is the case and that in the rural districts 
. disease is much more frequently transmitted by the flies than in 
- the cities. They argue that the opportunities for the fly to come 
in contact with infectious materials are not as great in the cities 
as in the country districts, and undoubtedly that is the case. 
D. D. Jackson, on the other hand, feels certain that flies are re- 
sponsible for much of the summer typhoid and infant mortality 
in New York City, through the transmission of sewage bacteria 
from the water front. While some may doubt that the flies came 
in contact with the infectious material from the sewage left upon 
the pillars at the wharves and the piles and the wharves them- 
selves by reason of the lowering of the tide, as was claimed by 
Jackson, there can be no doubt that the unsanitary conditions 
which exist around the piers in the city of New York, and in those 
very congested districts of the city near the piers, furnish ample 
opportunities for flies to become infected. 

I shall speak a little later of the outbreaks of typhoid fever 
which have been caused by flies, and during which flies caught in 
the neighborhood of the cases where unsanitary conditions existed, 
were found to contain typhoid fever bacilli both on their legs and 
in their fecal discharges. 

To speak more particularly about the fly, we will do well to note 
first that there are a great many varieties of flies, and undoubtedly 
many of them are of importance in this matter. It will not be 
possible to give a detailed description of the different types of 
flies, and why some of them are probably more important than 
others in the transmission of typhoid fever, but it will suffice 
to say that the fly which breeds upon organic matter of animal 
origin is probably much more important than the fly that breeds 
particularly upon decaying vegetable matter. Now, as a matter 
of fact, the ordinary house fly, the Musca domestica, which con- 
stitutes about 90 per cent. of the flies which are found in our 
houses and around habitations, does not breed in decaying animal 
matter. The female domestica lays its eggs chiefly in decaying 
vegetable matter, and apparently the only animal matter in which 
it will lay its eggs is human excrement. Some biologists even 
doubt that the domestica frequently lays its eggs in human excre- 
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ment. So the general statement the the domestica is responsible 
for most of the transmission of typhoid fever may be questioned 
by those who have observed that this species of fly does not lay 

its eggs frequently in animal matter. . 

There are, however, a large number of other flies, which, if we 
didn’t stop to examine them, we would classify as the domestica, 
which are frequently present in civilized communities. There are 
the very small fruit flies which breed only in decaying fruit. 
Then there are the large flower flies which breed particularly among 
flowers and vegetation. Then we have, as you all know, the biting 
flies that develop in stables, and there are also the blue-green and 
so-called “‘ blow’ flies that develop particularly upen decaying 
animal matter. These flies are not seen frequently in human 
habitations. 

So we see that the species of fly and the method of breeding 
are matters of very considerable importance. The fly ordinarily 
lays its eggs in such a location as will furnish the best food for the 
development of the egg and for the nourishment of the larve. It 
is astonishing that so little is known about the course of develop- 
ment and life cycle of many of these species of flies other than the 
domestica. The domestica has been studied rather thoroughly, and 
most of the information which is to be had in literature concerns 
this particular species. 

The female domestica, as I have said, lays its eggs in decaying 
vegetable matter and in human feces. It will lay at one time about 
fifty eggs, and these, depending upon the temperature, the amount 
of moisture present, and other physical conditions, will develop 
into the larval stage in from eight to twenty-four hours. The 
question of temperature is one of considerable importance in the 
~ matter of the life cycle of the domestica, and the question of mois- 
ture also determines its rate of growth. 

~The domestica will lay from one hundred and twenty to two 
hundred eggs in one season. Sometimes they pass through even 
as many as twelve generations in a season’s cycle, all depending 
upon the temperature and the water and food supplies. 

These eggs, fortunately for us, have a great many enemies. 
The various ants carry off a great many, as well as predatory flies 
of other species, for use as food. In many places the eggs and the 
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PHOTOGRAPHS OF SECTIONS OF FLty Presi Movine PICTURE FILM. 


Flies on a piece of meat. Larva molting. 


” Eggs of fly. Larve penetrating into earth to 
begin pupal existence. 


Pupe. 


Wingless insect emerging from 
pupal stage in earth. 


Larve hatched from eggs. ° 
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larvee, or the maggots, as we commonly call them, are now grown 
artificially for the purpose of feeding high-grade and fancy fowl 
and birds. 

The larval stage of the domestica is really iis most important 
stage, from the standpoint of the growth of the fly, for it is during 
this stage that the fly reaches its full size. The fly, when it reaches 
the winged state, has already attained its full development. 
During the larval state, it molts, that is, it sheds its skin and grows 
to a larger size and again casts off its shell. This it will do twice 
during the course of the five days that it exists in this larval state. 
. During this stage it is possible to find large numbers of them 
in various decaying vegetable and excrementary material. They 
have been found as many as five hundred larve in one human 
excrement. The numbers that have been found in a pound of 
horse manure run up into the thousands. Various investigators 
have taken considerable pleasure in endeavoring to find a larger 
number than some other investigator. : 

From the larve stage, the fly passes into what is known as the 
pupal stage. During this period, the larve burrow into the earth, 
sometimes as far as five or six inches, and develop hard shells and 
there pass through another stage of their life cycle. At this time 
the insect is practically in a hibernating condition. This is a 
matter of considerable importance from the standpoint of the 
- transmission of disease, for if typhoid feces should be thrown upon 
or buried in the soil, and were not put further down than six 
inches, it would be quite possible for fly larve to penetrate that 
distance into the soil, and take into their digestive tracts consid- 
erable amounts of this fecal material. When these larvze developed 
into winged insects, they would discharge this same material and 
thereby distribute actual germs of diseases. If typhoid feces, for 
example, are placed in a dry earth closet where it is customary 
merely to cover the surface with a film of earth, it is quite possible 
for the larve to burrow under or into such material and become 
contaminated by actually eating the filth under the soil, and then 
coming out again in the state of the winged fly and transmitting 
the germs by means of their excrement. 

_ Flies can hibernate in warm places during the winter time, not 
only in the pupal stage, but they can also do so in the form of the 
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winged insect itself; and one investigator, who seemed to be inter- 


ested in the mathematics of the subject, found that in the spring 


forty thousand flies developed from twelve which had been hiber- 
nating in a warm place during the winter. 

One of the most important phases of the relation of flies to the 
transmission of diseases is the question of the flight of the fly. 
But how far do flies usually go? When he does travel, he can make 
about ten miles an hour. Many say that flies never pass more 
than two hundred feet away from the place where they come out 
of the pupal stage into the winged state. But, as matter of fact, 
flies have been found many, many miles from the site of their full 
development. Some years ago I was familiar with a legal contro- 
versy between certain of the fish-oil companies and the Public 
Health and Marine-Hospital Service, over the location of a hospital 
near one of the company’s factories. The testimony of the wit- 
nesses for the government went to prove that large numbers of 
the flies were found frequently far out at sea on steamboats and 
they were identified as coming from this region, where they bred 
and grew to maturity on the exposed drying fish refuse. It is 
therefore undoubtedly the case that flies can be blown, as mosqui- 
toes can be blown, long distances. Ordinarily, the fly, probably, 
does not pass more than three hundred or four hundred feet away 
from the place where it originally developed into the winged insect; 
but that it can go a very much longer distance is undoubtedly true. 
In the latter case, the germs which they may take up into their 
digestive tract, and which they may carry in a virulent condition 
for periods of two to three weeks on the surface of the body, mixed 
in with the hairs and mucilaginous material which is on the pads 
of their feet, can be carried over long distances. 

_ The fly not only breeds in decaying vegetable and animal matter, 
but it actually uses those materials as the source of its food. As 
I have already said, the larve take infectious matter into the diges- 
tive tract during that stage of their existence, and the winged 
insect will also do the same. Of course, as you know, the fly in 
feeding first liquefies the solid materials with its own secretions, 
and then absorbs the dissolved materials into its digestive tract. 

The really important work in connection with the demonstration 
of flies as transmitters of disease was done in the early days of 
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bacteriology. -In the Hamburg outbreak of Asiatic cholera, it 
was shown that flies were capable of taking the cholera bacteria 
into the digestive tract, and of giving them off in considerable 
numbers in the fly-specks or excrement, for periods up to two weeks. 
The living bacteria were also to be found on the surface of the fly 
during similar periods. Later on, this was shown to be the case 
with the typhoid bacillus, and we now know that the fly can take 
into its digestive tract living typhoid bacilli and continue to give 
them off for periods of from one to three weeks, and that the living 
typhoid bacillus can be found upon the legs and hairy body of the 
fly for somewhat similar periods. 

One of the most interesting results of studies concerning the 
relation of flies to the transmission’ of disease has come from the 
work of Lord and others upon the association of the tubercle 
bacillus and the fly. Not only has it been shown that the fly har- 
bors the tubercle bacillus as he does the typhoid bacillus, but it 
almost appears that there is an increase in the tubercle bacilli 
in the intestinal contents of the fly, when the fly has been fed upon 
tuberculous sputum. When we ponder over the fact that on the 
average one fly may deposit as many as fifty fly-specks during 
twenty-four hours, and that these fly-specks, when they are de- 
posited upon food, may actually serve as a means for the intro- 
duction of living, virulent germs of disease into the human body, 
the importance of the fly problem becomes clearly evident. When 
the fly-specks are deposited upon substances such as furniture, 
wood, and cloth, they probably are without any significance from 
the sanitary standpoint, because the fly-speck naturally adheres 
to the surface of the material upon which it is laid and is not easily 
removed, and the effect of sunlight and air very soon kill off most 
. of the varieties of the disease-producing organisms which it may 
contain. But where the fly has actually direct access to foods 
which are soon eaten without cooking, there is a direct means of 
introduction into the human system of the organisms which the 
fly has taken into its own digestive tract, or which it may have 
upon its legs and body. : 

It has been noted by Tooth and others that the fly seems to 
have a special predeliction for alighting on persons with typhoid 
fever. It is recorded by him that in the wards of a hospital flies 
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seemed to prefer to feed upon the skin and lips of the cases of 
typhoid rather than upon the cases of sunstroke and other diseases. 
Possibly this was due to the fact that the fly must of necessity have 
a certain amount of liquid diet in order to subsist, and in many 
rooms the only moist articles are the human beings, and naturally . 
the flies are attracted by the perspiration of the people who are 
inhabiting these rooms. 

One interesting item has been reported by Veniger. In the city 
of Vienna, there occurred a case of smallpox in a house not other- 
wise infected with this disease, but -which was in close proximity 
to the smallpox hospital. A little child developed a localized 
smallpox infection upon the face. Those of you who are familiar 
with the clinical manifestations of smallpox know that it rarely 
occurs under natural conditions of infection except as a generalized 
disease. This child, however, had a localized smallpox infection 
on the face similar to the results of smallpox inoculation as for- 
merly practiced, and the most plausible reason for the development 
of this localized smallpox seemed to be the possibility that a biting 
fly had come from the smallpox hospital, where it had fed upon the 
skin of the cases there and had introduced the virus into this 
spot on the face of this child.. 

Historically the fly is really of considerable interest. Those of 
you who care to do so can find many of the modern ideas on the 
transmission of disease and their prevention in the books of Leviti- 
cus and Deuteronomy in the Bible. Reading them in the light of 
modern knowledge, you will find very interesting revelations. I 
have no doubt that many of the customs of incense burning and 
fumigating in the Hebrew temples, and religious rites of that 
nature, were to a large extent hygienic measures. We know from 
a study of some of the other rites which were observed by the . 
ancient Hebrews that their main practical object was the preven- 
tion of the spread of disease. For example, one of the interesting 
things which has been studied out is that the ancient Hebrews, as 
part of their religious offerings, burned those fatty parts of the 
cattle which were most likely to be infected with tuberculosis. It 
is undoubtedly true also that in many of the rites, such as the 
burnt-offering and the burning of incense, vapors were produced 
which would either kill or drive away flies. As you all know, the — 
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temples where these rites were performed were practically the 
slaughter houses and the butcher shops of the Hebrew people, and 
it is inconceivable that flies of some sort were not pests under such 
conditions. 

I will not go over all the ancient references to flies in connection 
with disease, but Sydenham, who was probably one of the greatest 
medical observers, said in 1666, “If flies are plentiful in summer, 
autumn is likely to be unhealthy.” 

The Bishop of Kund in the fifteenth century endeavored to 
foretell the outbreak of plague by the changes in the weather and 
the prevalence of flies. 

Coming to the more practical application of the subject, it is 
certain that many of the cases of typhoid fever which have occurred 
in the modern wars have been due to flies. That much of the ty- 
phoid fever among the troops engaged in the Franco-Prussian 
War was due to flies is generally believed. It has certainly been 
demonstrated that ‘in our own Spanish-American War a very 
large part, at least ninety per cent., of the typhoid fever was 
caused by fly transmission, and eighty per cent. of all the deaths 
from all causes were from typhoid fever. In the army camps, 
the germicides, such as lime, placed in the latrines and the sinks, 
for disinfecting purposes, were found upon the food in the camp 
kitchen in the form of fly-tracks. Then again, with the onset of 
cold weather, the amount of the disease diminished very greatly. 
In the Boer War, during which there were 6 000 cases of typhoid 
and only 7 500 killed in all the engagements, when the cold weather 
came on the typhoid rate decreased; and when also successful 


’ efforts were directed toward the suppression of the fly, the disease 


was likewise very greatly reduced. 
I have already spoken of the work of D. D. Jackson for the 


Merchants Association of New York City, and I expressed the 
opinion that the incidence of typhoid fever near the water front 
in New York City was quite possibly attributable to the action 
of flies in transmitting infectious material from the unsanitary 
conditions in those neighborhoods, and possibly also to some 
extent from the transmission of organisms from the sewage-covered 
rocks and piles. . Personally, I am confident that much of New 
York City’s autumnal typhoid is due to the activity of flies. 
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One of the most definite outbreaks of typhoid fever attributable 
to flies was described by Dr. Alice Hamilton, and occurred in 
Chicago in 1902. It was found that certain regions inhabited by 
foreigners were showing a very considerable number of cases of 
typhoid fever. A sanitary survey of the location was made, and 
very unsanitary conditions were found. Open privies were com- 
mon, and so were flies. Some of the latter were collected, and, out 
of 18 flies, 5 were found to contain typhoid bacilli both in their 
fecal discharges and upon the surface of their bodies. The dis- 
tribution of the typhoid cases and all of the factors were in har- 
mony with the conception that the outbreak was due to fly 
transmission. 

Prof. E. O. Jordan, of the University of Chicago, showed very 
conclusively that the outbreak in Winnipeg, in 1904, of typhoid 
was due to fly transmission. There very unsanitary conditions 
existed, and the fly existed likewise in enormous numbers. 

During my connection with the State Department of Health 
in Albany, I investigated an outbreak of typhoid fever in the 
village of Castleton, about eight miles below Albany on the 
Hudson River. A case of typhoid had existed in June on the 
second floor of a house near the river, below the main drainage 
line of the village. In so far as I could determine, the discharges 
in that case had been thrown out of the second story window into 

the adjoining yard. There were no water or sewerage systems in 
this village. The cases, about fifty or sixty in number, which had 
developed between June and September, all had their onset among 
-people who had been living within a block and a half of that par- 
ticular house. The patients belonged to all classes of society. 
Contact of a direct kind was out of the question as a cause of the 
outbreak. The cases were distributed among.the customers of 
many milk dealers. In fact, all of the evidence pointed to the 
conclusion that this was a fly epidemic. No flies were caught 
and examined for typhoid bacilli, but doubtless the latter were 
there. 

If the typhoid bacillus is transmitted by flies, undoubtedly 
many other organisms capable of producing certain diseases, like 
diarrheas, are likewise transmitted. In India especial attention 
has been paid to this aspect of the subject, and Arnsworth, Al- 
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” dridge, and Snell, of the British Army, and a number of other men, 
have written exhaustive articles, accompanied by very elaborate 
charts, all showing the relation between flies and diarrheal diseases 
in that country. Dr. Jackson’s work for New York City is quite 
conclusive on this point. 

There are certain remedies for the fly pest which I will speak of 
very briefly. Of course, the first to suggest itself is to abolish the 
breeding places. To do so is a matter of general sanitation. Any 
decaying or decomposing vegetable or animal substance of any 
form, even decaying and molding newspapers, furnish good media 
for one or another species of fly in which to lay its eggs, and for 
the development of the larve. The employment of general sani- 
tary measures proper for thickly settled communities, and even of 
country districts, will wipe out to a large extent the breeding places 
of many species of flies. But the manure piles are chiefly at fault, 
in so far as the ordinary house fly or the domestica is concerned. 
Removal of such accumulations to regions farther than three or 
four hundred feet from habitations is one of the most effective 
and probably the most practical method of eliminating these 
breeding places of flies. In many of our large cities where the 
horse is gradually disappearing flies are ‘likewise gradually disap- 
pearing. 

Where it is impossible to remove the manure as frequently as 
once in every five or six days, which is the time necessary for the 
fly to pass through its entire life cycle to winged insect stage, 
there are other means that may be taken; but they are very in- 
efficient in comparison with the actual removal of the manure. 

For example, the winged insect will not go into a dark place to 
lay its eggs; it hardly ever penetrates beyond a short distance 
away from the light; so that the screening and darkening of 
manure pits is a more or less satisfactory method of treating these 
places. The application-of disinfectants to manure for the purpose 
of killing the larva has been a subject of considerable experimen- 
tation, and some few satisfactory results have been obtained; but 
likewise a great many not so satisfactory have been obtained. It 
should be said, therefore, that attempts to disinfect manure 
heaps and pits for the elimination of the fly eggs, larva, and pupa 
‘are not to be recommended if removal is possible. 
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After the flies are with us, we can endeavor to keep them away 
from our surroundings by means of screens and various methods 
of exclusion, or by catching them with the numerous kinds of 
sticky fly paper or with the newer mechanical devices. The most 
efficient of these have as the principle of their operation some well- 
known biological phenomena. Flies, as I have said, all seek the 
light, and if you darken all the windows by means of blinds and 
curtains, leaving one light, you will find most of the flies at that 
spot. Fly traps on windows and wire cages illuminated at night 
with phosphorescent paint or the use of poisoned fly foods and 
drinks and sticky sweets all have biological reasons for their 
popularity. It is astonishing what results have been obtained in 
the catching of flies by simple and yet thoroughly scientific devices. 
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OF WHAT THICKNESS SHALL WE MAKE THE WALLS 
OF OUR LARGE PIPE LINES? 


BY ALLEN HAZEN, CIVIL ENGINEER. 
[Read November 9, 1910.} 


(1) Cast-iron pipe is commonly designed with an apparently 
much larger factor of safety than is used in the design of steel pipe. 
Notwithstanding this, cast-iron pipe frequently breaks in service, 
while steel pipe practically never breaks. Why is the steel pipe 
more reliable in this respect than cast-iron pipe? 

(2) The president of a water board asked me, some years ago, 
after a very uncomfortable experience, how it was that pipes which 
had been tested in the foundry by a careful inspector, to a pressure 
of 300 Ib., break in service under a working pressure of less than 
100 lb. 

(3) The formulas that we most commonly use in computing the 
strength of cast-iron pipe assume an ultimate tensile strength of 
- only 16 000 to 18 000 lb. per square inch, with a factor of safety of 
5, while it is well known that the castings turned out by pipe found- 
ries at the present time considerably exceed this strength. Why is 
it not safe to reduce the thickness of the pipe walls in inverse ratio 
to the increased tensile strength of the iron? 


These are questions which have come up for discussion in our 
office frequently in the last few years. In considering them I have 
frequently had the benefit of advice from Mr. Emil Kuichling, and 
I wish to acknowledge at once many of his suggestions in that which 
follows. 

I propose to take up these questions to-day from the standpoint 
of all the forces that have to be actually met by the pipe in the 
trench and to see how thick the walls of the pipe really need to be 
to withstand these forces. In doing this I think we shall find at 
least a partial answer to these questions, and I hope that it may 
lead to discussion that will put the available knowledge on the 
subject in more satisfactory shape. 
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In this discussion I shall consider only pipes 36 in. in diameter 
and over. In smaller pipes the strength requisite to make the pipe 
act as a sufficiently stiff beam to resist breaking in the trench may 
be an element of considerable importance in determining the thick- 
ness of the walls. In larger pipes this may also be a matter of some 
importance, but I do not think that it will often control. 

Let us consider first the forces that act upon the pipe and the 
stresses resulting therefrom, which have to be met and resisted. 

(1) Internal Pressure. This may be divided into two parts: 
(a) the ordinary working pressure, and (b) the pressure resulting 
from water ram. The ordinary working pressure is ordinarily 
known with comparative certainty. The amount to be allowed for 
water ram is seldom known with anything like accuracy. In some 
cases, as, for instance, siphons opening freely to aqueducts or 
chambers. at their ends, the conditions are not such as to permit 
any appreciable amount of water ram to occur, and the question 
is practically eliminated. The amount of water ram that may be 
obtained in long pipe lines is practically limited by the fact that 
the gates used upon the line ordinarily require a considerable time 
for them to be closed, and the longer they take in closing, the smaller 
is the probable amount of water ram that will result from the clos- 
ing. Obviously, the use of gates smaller in diameter than the pipe 
line will allow them to be closed more quickly and will, therefore, 
tend to larger pressures from water ram. 

Similarly, the operation of gates by hydraulic or electric power 
may permit them to be closed more rapidly with a great increase 
in the amount of water ram. It will, therefore, be desirable when 
such valves are used to so gear the electric motors, or provide such 
small openings to the hydraulic cylinders, that the operation of the 
gates will be very slow, corresponding in speed to hand operation. 
As it is only the final closing that produces water ram, it would 
seem mechanically possible to devise a gate that could be quickly 
brought by power to three fourths closed, and then move very 
slowly to its seat, by some change in the operating mechanism. 

Mr. Kuichling has told me that in the 24-in. Rochester pipe 
line, with hand-operated gates of the same size as the pipe, with 
the most rapid closing of the gates that could be practically carried 
out, he never observed a water ram amounting to more than one 
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half of the static pressure behind the gate. Probably with proper 
precautions, on a long pipe line, the water ram may be held within 
these limits, but there may be exceptions. 

For instance, at Springfield, in a short line of 42-in. steel pipe 
leading from the settling basin to the filters, a balanced valve was 
provided for automatically controlling the water level on the 
filtérs. Only a part of the water went through this valve. On 
one or more occasions the valve has stuck until the water level got 
some distance beyond what was intended, and then closing quickly, 
the water ram behind the valve has been so great as to force water 
through various riveted joints in quarter-inch steel plates in a 
connected water wheel casing. I should say in this case that, with 
a total static head of only about 25 ft., the water ram must, at the 
very least, have been over 100 lb. per square inch, or ten times the 
amount of head. 

The conditions in this respect correspond to those in the ordi- 
nary hydraulic ram, which, as is well known, will lift water to a 
height more than ten times as great as the distance that the water 
falls. 

It is a good cake to design all the gates on main pipe lines so as 
to prevent water ram as far as possible, and then allow fifty per 
cent. in addition to the static pressure. 

(2) Stresses from Internal Strains in the Metal. In cast-iron pipe 
there are internal strains in the casting resulting from unequal 
cooling. Such strains may be assumed to always exist, but in 
amounts varying very greatly with the excellence of the procedure 
in cooling the pipe after casting. 

In steel pipe there are also internal strains in the steel slates 
but these are usually of much less practical significance than those 
existing in cast-iron pipe because the material is malleable instead 
of brittle and is capable of being bent and considerably distorted 
without reduction in strength. 

(3) Stresses that come from the Weight of the Backfill. If the 
backfill pressed equally on the pipe from all directions, or, in other 
words, if it acted as a liquid, these pressures would be radial and 
balance each other. But such backfill is never obtained. The 
inequality in the distribution of pressures varies with different — 
materials, and with the manner in which those materials are packed. 
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The best published discussion of this subject that the speaker has 
found is by Prof. Arthur N. Talbot, Bulletin of the University of 
Illinois, No. 22, April 29, 1908. 

Professor Talbot concluded, as a result of his investigations, 
that for ordinary conditions it was best to assume that the pipe 
carries on its upper half a weight equal to the whole weight of the 
material in the backfill above the pipe as a uniformly distributed 
load, and that this weight is transmitted through the sides of the 
pipe to the supporting material underneath. The result of the 
weight of this backfill is to tend to break the pipe. For a condition 
of uniform loading and uniform support along the pipe underneath, 
Professor Talbot finds as a result of his experiments, in which 


many pipes were actually broken, that M = "? , where M is the 


moment of bending forces tending to break the pipe at that point 
in the pipe where it is greatest; W is the total weight of backfill 
above a unit length of pipe, and D is the average diameter of the 
ring, which is practically the inside diameter plus the thickness. 

For conditions of unequal loading and unequal support, the 
moment tending to break the pipe may be considerably greater 
than is computed by this formula. 

(4) Stresses due to the Beam Action of the Pipe. We have con- 
sidered thus far that the pipe was supported equally at every 
point along its bottom, and that the loading was equally dis- 
tributed in the same way. As a matter of fact, this does not occur. 
The pipe is supported unequally along its length. With cast-iron 
pipe laid on blocking, and the blocking left in place, a considerable 
part of the pipe and its load after the trench is backfilled may still 
be carried on the blocks, and in this case the portion of pipe be- 
tween the blocks acts as a beam, which must carry the weight of 
the pipe, the water in it, and the weight of the backfilling over it. 
If the trench is rock or has projecting bowlders, these may act 
in the same way and to an even greater extent, because the length 
of pipe between supports may be greater. Where a considerable 
length of pipe rests upon such projections on the bottom, there will 
obviously be a much greater tendency to break the pipe over these 
points because the forces acting upon a considerable length of 
pipe are concentrated on a small area. 
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(5) Stresses Cumulative in Places. The effect of internal water 
pressure is to produce circumferential tension through the whole sec- 
tion of the metal. The stresses due to unequal cooling of the cast- 
ings are partly of compression and partly of tension, and may be 
both circumferential and longitudinal. The stresses due to the 
weight of the backfill are partly compression and partly tension, 
and are circumferential, when the pipe is uniformly loaded and 
supported. The stresses due to beam action are primarily longi- 
tudinal and, acting at 90 degrees from the others, do not need to be 
considered in connection with the circumferential strains. However, 
the effect of beam action is to increase the loading in places, and so - 
increase considerably in those places the circumferential stresses 
due to the weight of the backfill. 

For this purpose, limiting the discussion to pipes 36 in. in di- 
ameter and over, I shall consider at present only the circumferential 
stresses. These are cumulative in places. That is to say, there 
will be some points where the metal will be in tension from all of 
them, — from the internal pressure and from water ram, from the 
weight of the backfill, from the stresses due to unequal cooling of 
the metal, and also from the accumulated weight of the backfill 
caused by beam action. 

When the accumulated stresses at any point exceed the ability 
of the metal to resist them, rupture begins and we have a broken 
pipe. 

The formulas for the thickness of pipe in most general use take 
into account only the internal water pressure, including the ordi- 
nary working pressure and water ram. The other stresses are not 
taken into account. 

These formulas have given reasonably satisfactory results for 
cast-iron pipe, because they have been based upon a working stress 
much below the stress that the metal is actually capable of sustain- 
ing, because the amount allowed for water ram has been in many 
cases above the truth, and because of an arbitrary addition to the 
computed thickness which adds considerably to the strength. 
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PROPOSED NEW METHOD OF COMPUTING THICKNESS OF CAST- 
IRON LIPE. 


With Professor Talbot’s work on the strength of pipes required 
to resist breaking in trenches, it seems possible to make a more 
rational calculation of the required thickness, based upon a higher 
unit working stress corresponding more nearly with the ultimate 
strength of the cast iron that is now available. 

In carrying out this calculation no allowance is made at this 
time for internal stresses due to cooling, or for circumferential 
stresses resulting indirectly from beam action. It is assumed for 
the present that these and all other matters will be covered in the 
factor of safety, and that that factor will be increased if necessary 
to cover them in a subsequent revision of the calculation. - 

The calculation now made is to determine how thick the pipe 
must be to carry the stresses due to the backfilling as computed by 
Professor Talbot’s formula, and at the same time to carry a stated 
internal pressure, with fifty per cent. addition thereto for water 
ram. 

Let d = diameter in inches. 

t = thickness in inches. 

F = depth of backfill above top of pipe in feet. 

s = permissible stress in pounds per square inch in cast- 
iron pipe, which I now take as 4 400 for an ultimate 
tensile strength of 22 000 lb., with a factor of safety | 
of 5. 

W = weight of fill over one linear inch of pipe at the rate 
of 115 lb. per cubic foot, the outside diameter of pipe 
being taken as 5 per cent. greater than d. 
1.05 X 115 _ 9 


M = breaking moment normally present from backfill, 
according to Talbot = 7;WD, D being the average 
diameter * the shell, which is about 1 025d. 


M .025d(0.84Fd) =0.0538Fd?. 


Resulting maximum circumferential stress in metal in lb. 
per sq. in. obtained by applying the usual formula, 
M =}isb#*, b in this case being 1. 
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6M _ 0.323Fd 

The stress available for resisting the water pressure is 4 400 
less this amount. Of this, one third is allowed for 
water ram and two thirds for static pressure. 


The stress allowable for resisting the static pressure is thus 


400 —0.322 


H = head in feet that can be carried by a given stress: 


H 
Ib. pressure per sq. in. = and 


and for s: as reached above, 


Fd 
=13 5005 — 0. 5. 


If we had taken the weight of the earth backfill as 116 lb. 
per cubic foot, the 0.99 would have been unity, and we 
may make it unity for the purpose of simplifying the 
formula. We shall then have — 

d 


t 
H=13 5007 —F-. 


‘Our specifications allow a variation in the thickness of casting 
of 0.10 in. for large pipe. To insure that the stress shall not 
exceed the calculated amount at any point, if we could be sure that 
the specifications were literally complied with, it would only be 
necessary to add 0.10 in. to the computed thickness. This rule 
might be adopted for country work and where an occasional break 
in the pipe would not be of the greatest importance. 

For city work, or where a break might do great damage, it 
would seem better to add 0.25 in. to the computed thickness, this 
being the allowance made in the Brackett formula in all cases for 
this purpose. 

Solving the last coniatiiie for ¢, and making this addition. we 
have, — 

For country work: 


t=0. 10+ (H ty 54 54 000F 


H=3. 085 (4400 —0,322° 
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For city work: 
t= 0.25 + 55 54 000F +H ). 


This formula is not suggested as in any way final, but only for 
the purpose of discussion, and with the idea that it may possibly 
have in it some elements of a more rational calculation than are 
contained in the old formulas. 

The formula for stress due to backfill is the one which Professor 
Talbot uses for ordinary backfilling of good material. With back- 
filling made of the very best material and with special care, the — 
stress might be less. On the other hand, with poorly made backfill 
and with movements from settlement it might considerably exceed 
this figure. The most convenient way to allow for differences of 
this kind would be to allow more or less backfilling than the actual 
backfilling. For instance, with backfilling all made of coarse dry 
sand well tamped, it might be prudent to figure on a stress from 
backfill only three fourths as great as the actual backfill, while in 
rock trench with bowlders, or material that was sure to have sub- 
sequent settlements, the calculation might be made for a backfili 
fifty per cent. greater than the actual amount of backfill to be 
used, or even one hundred per cent. greater, if the conditions were 
very unfavorable. 

For ordinary use it would seem fair to take 5 ft. of backfill 
in computing the thickness of pipe to be used in favorable trenches 
where the work was to be done with special care, and a larger 
amount up to 10 ft., or more, where the trench was deeper than 
usual and where there was rock or bowlders. 


PIPE ACTUALLY BROKEN WITHOUT WATER PRESSURE. 


In the first published paper of the American Society of Civil 
Engineers, Mr. Alfred W. Craven described some 72-in. pipe, 
12 in: thick, laid in connection with the Croton Aqueduct, part 
of which was broken substantially without water pressure. The 
depth of backfill is not specifically stated in the paper, but from a 
statement of the load carried by the pipe I calculate that the ap- 
proximate depth of backfill must have been about 10 ft. Taking 
the weight of the material from Mr. Craven’s statement, the maxi- 
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mum stress resulting from this backfill was about 8 900 lb. per 
square inch. This, according to the statement, sufficed to break 
‘about 4 per.cent. of the pipes. 

In the Engineering News, December 15, 1904, Mr. Walter W. 
Patch describes 48-in. cast-iron pipe 1} in. thick under backfills 
ranging from 8 to 23 ft. He stated that in several places a number 
of adjoining pipes had developed longitudinal cracks in their entire 
length, ete. Using the formula as we have deduced it, the maxi- 
mum stress in this pipe, with 23 ft. of backfill, would be 11 400 lb. 
per square inch. 

Professor Talbot in his experiments tested pieces of 36-in. and 
48-in. pipe from 1 in. to 1} in. thick carefully bedded in sand. 
Making the computation from the figures in his paper for the 
points where cracks first appeared, the stresses in 10 cases 
ranged from 15000 to 41000 lb. per square inch and averaged 
25 000 lb. 

In the two cases above mentioned, the inference may be drawn 
that, if the pipe was of full thickness and the iron of as good 
quality as miay be reasonably assumed, the stresses that broke the 
pipe were about twice as great as those computed by the formula 
which is intended for uniform loading. In other words, the irregu- 
larities of the actual trench produced twice as much stress in certain 
places as was produced on an average by the careful loading in 
Professor Talbot’s experiments. 

A full reading of Professor Talbot’s paper leaves little doubt of 
the actual doubling of these stresses at points in actual work, and 
at such points, with the calculation that I have just used, a factor 
of safety of only 2.5 will be left, certainly not too much to use for 
cast iron. 


COMPARISON WITH BRACKETT FORMULA. 


To see how the proposed new formula compares with the 
formulas in common use, I have taken the case of 42-in. pipe with 
5 ft. of backfill. I have taken this because’ the question of the 
thickness and strength of 42-in. pipe has been under especial dis- 
cussion in our office in the last year. 

The results may be shown in tabular form. 
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Heap ALLOWED BY FORMULA 
now REACHED. 


Classof Standard Thickness Head in Feet Allowed Country City 
Pipe. in Inches. by Brackett Formula. Work. Work. 
A 0.87 50 Negative. Negative. 
B 1.00 100 57 Negative. 
C 1.13 150 127 45 
D 1.27 200 198 122 
E 1.40 250 257 188 
F 1.53 300 314 247 


This indicates that according to the formula, Class A pipe is not 
really safe for 42-in. pipe with 5 ft. of backfill, even where there is 
no internal water pressure, and “B” pipe is not safe for city work. 
This corresponds with the practice of our office, where ““C”’ pipe has 
been the thinnest pipe ordinarily used, and with the observation 
that has been made that 42-in. pipe 1 in. thick, even when cast and 
laid under the most favorable conditions, is not very reliable for 
moderate water pressures. For higher pressures the results corre- 
spond more nearly to those by the Brackett formula. 

With pipe larger than 42 in. the differences, especially for moder- 
ate water pressures, would be greater and the formula proposed 
calls in general for considerably thicker pipe. 

The practical effect of this study is to show that with large 
pipes the stresses resulting from the backfill upon the pipe are 
material, and are added to those resulting from the water pressure, 
and that when they are taken into account the factor of safety is 
by no means as great as has been assumed. It is largely and per- 
haps principally for this reason that cast-iron pipe which has stood 
successfully hydrostatic pressure in the foundry breaks in the 
trench with a fraction of the test pressure, and it is for this reason 
that it is not safe to reduce the thickness of the walls of pipes as 
rapidly as increase is made in the ultimate tensile strength of the 
castings. 

AS TO STEEL PIPE. 

In the case of steel pipe the conditions are somewhat different. 
The pipe may be backfilled to the point where the stresses due to 
the backfilling are above the elastic limit, and when this happens 
the pipe becomes permanently deformed. That is to say, the pipe 
is flattened and the vertical diameter is less than the horizontal 
diameter. This is a fairly common occurrence. 
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Cast-iron pipe is not permanently deformed in this way because 
it is comparatively brittle and incapable of yielding to any con- 
siderable extent. When the stresses become too great it is broken. 

The best explanation of this is that the steel plate is malleable, 
while the cast iron is not. The steel plate comes to the shop 
flat. It is bent cold to the shape of the pipe. This process stresses 
the metal beyond its elastic limit, and produces a set. Neverthe- 
less, the plate is just.as strong after the process as before. 

In the same way, the pressure of the backfill in the trench may 
deform the pipe considerably, stressing it beyond its elastic limit, 
and producing other sets; but these do not have the effect of 
weakening the pipe. 

Cast-iron pipe, on the other ain is not malleable. To bend it 
out of its original shape by even the fraction of an inch breaks and 
destroys it. 

I think this is the main reason why steel pipes are not broken in 
water-works service. 

Other secondary reasons are, that steel pipe is relatively cheap 
and that such liberal allowances have been made that the walls 
have been relatively thick and the stresses low, and that when 
excessive water ram occurs in riveted steel pipe the riveted joints 
open up slightly by a momentary stretching of the rivets, or yield 
in other parts, within their elastic limit, and allow water to escape 
from the joints. If the excess pressure is not too great and too 
long continued the pipe comes back at once to its original size, and 
is as tight as before. The effect of this is to make the riveted steel 
pipe act as a relief valve for itself and protect it from what other- 
wise might be the injurious effects of water ram. _ 

Lock bar pipe, a form of steel pipe which has recently come into 
use, has stronger and tighter longitudinal joints and does not act 
in this way, except by the elasticity of the metal. 


ALLOWANCE FOR CORROSION. 


Steel pipe has frequently been made thicker than otherwise 
necessary, with the idea that it would still be thick enough for 
strength after it had been reduced in thickness to some extent by 
corrosion. Experience shows that the troublesome corrosion is 
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mainly pitting. Ordinary pitting does not greatly reduce the 
strength of the pipe. It is very rare that the corrosion is so widely 


extended over the surface of the plate as to reduce the strength of © 


the pipe. 

Mr. John R. Freeman has shown that a moderate amount of 
corrosion does not reduce the strength of riveted pipe at all, as 
the plate at the outset is much stronger than the joints, and cor- 
rosion of the joints to a reasonable extent does not reduce their 
strength. Of course, ultimately there would be rusting off of rivet 
heads, ete., but practically speaking, the corrosion of riveted pipe 
that actually takes place during a long term of years does not 
appreciably reduce its strength. 

In the case of lock bar pipe, the original strength of the pipe 
is greater and represents nearly the full strength of the steel 
plates. Corrosion of lock bar pipe would sooner have the effect of 
reducing its strength, and there would be more reason for making 
an allowance for corrosion than in the case of riveted pipe. 


VARIATION IN THICKNESS OF PLATES. 


The plates in steel pipes probably vary in thickness by nearly 
as large a percentage as the variation in thickness of the walls of 
cast-iron pipe. There is this difference, however. The thickness 
of cast-iron pipe is given as the average thickness, while the thick- 
ness of steel pipe is given as the minimum thickness, and the process 
of manufacture by rolls insures obtaining it at every point. The 
actual thickness of steel pipes will usually overrun the stated 
thickness by amounts which may be as high as four to eight per 
cent., and which are greatest with thin plates. 


INCREASING THE THICKNESS OF STEEL PIPE TO PREVENT 
PERFORATIONS. 


The practical difficulty that has been experienced with steel 
pipe up to the present time is that of perforations by pittings. 
In other words, the pittings after a while go entirely through the 
plate and make leaks. The perforations that occur in this way are 
easily plugged, but if they are numerous it is troublesome to take 
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care of them. Very few steel pipe lines have reached this stage up 
to the present time. In a few cases there has been electrolysis from 
trolley currents, which has greatly aggravated this condition. This 
condition is one that must be kept in mind in cdnsidering steel 
pipe, and it may be considered worth while to increase the thick- 
ness of the plates in some cases with the idea of putting off the 
time when there will be perforations. It could hardly be expected 
that increasing the thickness of the plates would prevent the per- 
forations; it would simply postpone the time when they would 
occur. 

It is my feeling that it will not generally pay to increase the 
thickness of steel plates very greatly because of this consideration, 
but that the money will be better spent in better coating and in 
more careful inspection of the steel plates, or, in other words, by 
preventing the pitting instead of trying to make the plate thick 
enough so that the pitting will not go through it. 

So far as deterioration may be anticipated from electrolysis 
from escaping electric currents, it is my feeling that it is better to 
spend the money on special protective measures, such as insulation 
joints and surrounding the pipe with insulating material where it 
is near trolley tracks, rather than in increasing the thickness of 
metal with the idea of making it thick enough to stand such deteri- 
oration without perforation. 

Mr. Lochridge tells me that the steel pipe line at Springfield 
passing under two trolleys and parallel with one of them for a 
distance, and connecting with the general distribution system in 
the city, shows no electrical current, indicating complete efficiency 
of the insulating devices that were used. 


PRACTICAL CONSIDERATIONS IN DETERMINING THE THICKNESS 
OF STEEL PIPE. 


In the first place, the pipe must have a thickness sufficient to 
make it reasonably stiff in handling and in resisting the pressure of 
backfill in the trench. This means practically the use of ;;-in. 
plates in 36-in. pipe, }-in: plates in 48-in. pipe, ;%-in. plates in 
60-in. pipe, and 3-in. plates in 72-in. pipe. These may be taken as 
the minimum thicknesses below which it will very seldom pay to 
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go. In deep trench the plates must be thicker, or else the pipe 
must be surrounded with concrete, or otherwise stiffened. These 
minimum thicknesses may be used wherever they are strong enough 
to resist the internal pressure, and where they are not, additional 


-thickness may be calculated so that the stresses m the metal from 


water pressure will not exceed the limits that are to be allowed. 

The strength of the steel plates in pipes ranges from fifty to 
sixty-five thousand pounds per square inch. The elastic limit is 
not less than thirty thousand pounds per square inch, The safe 
working stress on the steel may be taken at fifteen thousand pounds 
per square inch. If the allowance for water ram is taken as equal 
to fifty per cent. of the static pressure the permissible stress for 
static pressure will be 10 000 Ib. per square inch. 

If lock bar pipe is used, and the strength of the joint as a mini- 
mum is taken as ninety per cent. of the strength of the plate, we 
may use a working stress of 9 000 lb. per square inch. 

If double riveted pipe is used, with a strength of joint assumed to 
be seventy per cent. of the strength of the plate, we may use a 
working stress of 7 000 lb. per square inch. 

Even with lock bar pipe it may be prudent to reduce the working 
stress below 9 000 lb., and this is more readily done because the 
added thickness of metal costs so little. 

In the Springfield 42-in. lock bar pipe line, the maximum stresses 
under working conditions obtaining in the pipe line are as follows. 


ABOVE Provin Mt., ORDINARILY Bretow Provin Mrt., Supsect 
PROTECTED FROM WaTeER Ram. To OrpINARY WaTEeR Ram. 
Stress 
Thickness of ieee Static lin Lb. Maximum Static Stress in Stee’ 
Plate, In. Head, Ft. per Sq. In. Head, Ft. Lb. per Sq. in 
ps 298 8 700 236 6 860 
2 351 8 530 284 6 900 
1s 347 7 250 


It may be thought that these stresses are unnecessarily low and — 
that thinner plates might have been used with perfect safety. But 
the pipe is relatively cheap and the advantage of having it so 
strong that there is not even a remote probability of its being 
broken by water ram that may sometimes occur in excess of the 
one that is calculated is worth getting. 
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Important lines of steel pipe have been designed with working 
stresses on steel of 12 000 to 13 000 Ib. per square inch, but this 
has been with triple riveted double butt-strap riveting, and for 
lines absolutely protected from water ram. 

In conclusion, it is my impression that up to the present time 
practice with steel pipe and cast-iron pipe has been rather unequal. 
Steel pipe has been made stronger than cast-iron pipe, but this 
has been justified by the cheapness of the material, by the lack of 
certainty regarding some of the conditions, and by the advantage 
of having the pipe strong beyond any possible question. 


DISCUSSION. 


Mr. Leonarp Metcatr.* Mr. President, it seems to me that 
Mr. Hazen has done us a genuine service in bringing this matter 
to our attention, for it is one of great importance. Of course most 
works have pipes which are of comparatively small diameter, 
where these influences of which he has spoken are not so serious. 
At the same time there are enough pipe lines, particularly in our 
larger cities, to make the matter of importance, bearing in mind 
the heavy damages which result from failure of pipe lines. I 
would like to ask Mr. Hazen at about what point he finds that 
the influences of the depth of backfill affect the pipe. He 
spoke of 36-in. and larger; isn’t the limit, perhaps, somewhat 
below that? 

I have laid Class A, 20- and 24-in. pipe to a depth of about 
20 ft., if I remember rightly, which are doing good service to- 
day, — the depth varying from 5 ft. to twenty-odd feet in a 
line about eight miles in length, running through the fields and 
woods. 

There was a case of failure in a 42-in. pipe line of the Pennsyl- 
vania Water Company. Mr. Kuichling brought this same matter 
to my attention a year or two ago and spoke of that pipe line as 
furnishing a very good example of the effect of the backfill. The 
backfill was only, I think, something like four or five feet, and yet 
that pipe line broke and had to be replaced. There was some 
considerable expense in making good the damage done by the 


*Of Metcalf and Eddy, Consulting Engineers, Boston, Mass. 
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break, and a long line of the pipe was taken out and replaced with 
pipe of heavier weight. 

THE PresipENT. I don’t know whether it would help any if I 
related a little experience which I had with drain pipe. I found 
that by very careful tamping on the horizontal diameter and 
below we could add a great deal to the strength of the drain pipe, 
that is, to its power to resist the pressure of the backfill. I had the 
pipe put in and it failed; and I had it put in again and great atten- 
tion paid to the ramming of the earth below and at the sides of the 
pipe, and it then stood the pressure of the fill. It seems to me that 
ramming the earth well opposite the horizontal diameter of the pipe 
will help it to resist the thrust and cause it to stand a great deal 
more pressure. 

Mr. RosertS. Weston.* I would like to ask Mr. Hazen if he 
does not think that the relative greater liability of the steel plate 
to corrosion has influenced the choice of the-thickness of the plates 
to some degree in another form, — even to increase the thickness 
beyond what is absolutely necessary. 

Mr. ALLEN Hazen. Replying to Mr. Metcalf, it is obvious that 
the stresses that it was the object of my paper to call attention to 
will also exist in pipe less than 36 in. in diameter, but they will 
clearly be more important in large pipe than in small pipe. I 
have not attempted to set a limit to the size of pipe for which they 
should be taken into account, but as the matter is much more 
important for large pipe I thought it best to limit the discussion 
for the present to such pipe. I have endeavored to present a 
subject that seems to me to be of the very greatest importance, 
and that has been, as far as I know, largely overlooked in the 
design of cast-iron pipe, with the object of getting it discussed and 
of finding how far it should properly enter into future designs. 
When we are through with the discussion it may be that an answer 
to Mr. Metcalf’s question will be found. 

As Mr. King suggests, ramming the backfill on the sides in- 
creases the stability of the pipe. Professor Talbot’s paper dis- 
cusses this very well, and it may be read with profit by all inter- 
ested in this subject. Having the material packed firmly against 
the sides and quarters of the pipe is more important than having 

*Sanitary Expert, Boston, Mass. 
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a support underneath. In fact, the ideal position of a pipe would 
be to have it supported so firmly on the quarters that it would 
not bear underneath at all. 

Mr. Weston’s questions are largely answered in the paper itself. 
Steel pipe has frequently been made thicker because of anticipated 
corrosion, but I am disposed to think that generally it will be better 
for us to put the money that otherwise might be spent in thicker 
plates, in better coating and better inspection of the plates for 
surface defects, and into better devices for protecting the pipes 
against stray electric currents. 

Mr. Emiu Kutcuuina* (by letter). This paper is a very valuable 
addition to the literature of the subject, as it brings out clearly 
some of the defects in the usual formulas for computing the thick- 
ness of water pipes, and indicates how a more rational formula 
should be made. In dealing with the internal pressure due to 
water ram, the author states that such pressure is practically 
limited by the fact that the closing of a stop valve or gate in a 
large pipe ordinarily requires considerable time. Such gates 
are usually geared in the ratio of 3 or 4 to 1, and there are generally 
three screw threads per inch on the stem, thereby requiring from 
nine to twelve revolutions of the operating pinion to lower the 
gate disk one inch. When the bottom of the disk reaches the 
axis of the pipe, an appreciable hydraulic pressure against the 
disk begins to develop which causes friction on the guides and 
corresponding resistance to the turning of the stem. This re- 
sistance increases ‘rapidly during the last quarter of the descent, 
so that the final inch may require the utmost exertion of three or 
four men for at least one minute. Against a static pressure of 
50 lb. per sq. in., about twenty minutes are needed to fully close 
a 24-in. valve and thirty minutes for a 36-in. valve. 

The writer has made a number of observations of the increase 
of pressure caused by closing a 24-in. stop valve in a long line of 
24-in. cast-iron pipe. The point of observation was 2.53 miles 
from the supplying reservoir, the valve was 2 100 ft. beyond, and 
while the valve was shut the static pressure at said point was 49 
lb. Before closing the valve the hydraulic pressure was 40.2 lb., 
and the water was flowing through the pipe with a mean velocity 


* Consulting Engineer, New York. 
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of 3.45 ft. per second. The valve was closed as rapidly as possible 
in about twenty minutes, and during the last four minutes the 
pressure rose to a maximum of 65 Ib., after which it oscillated 
rapidly from 40 to 64 lb. for a few seconds and then gradually 
reduced in two minutes to a range from 42 to 57 lb. In the 
course of eight minutes more, the range was from 46 to 52 lb., 
with increasing intervals of time between the pulsations, and at 


. the end of fifteen minutes the pressure varied little from 49 lb. 


These observations were repeated several times subsequently with 
the same general results, and hence it was concluded that for 
long and large pipe conduits, the water ram caused by closing a 
stop gate would not induce an internal pressure greater than 1.5 
times the static pressure. 

In the small distributing pipes of a municipal water works, 
water rams of much greater magnitude may be expected by the 
rapid closing of fire hydrants and hydraulic motors of large size; 
but as this subject is not under consideration, further reference 
thereto will be omitted. It may also be remarked that stop 
valves larger than 24 in. in diameter are usually provided with 
by-pass valves which are closed after the main valve has been 
shut and the velocity of the water in the pipe has been greatly 
reduced; and if by carelessness the by-pass gate happens to be 
closed, the men who attempt to close the main valve will usually 
become aware of the fact during the latter part of the operation 
by the increased frictional resistance of the large valve stem. 

The stresses caused by the weight of the backfill are highly 
important and vary much with the condition of the material in 
regard to moisture. Even when the material is well compacted 
by ramming, a settlement usually occurs after water has perco- 
lated freely into it, and with such settlement a greater load upon 


. the pipe must ensue. Little is yet known of the magnitude of 


this external pressure, or of the manner in which it is distributed 
over the upper surface of a large pipe. So far as the writer is 
aware, the only experimental data that are available in this direc- 
tion are those that pertain to the deformation or flattening of a 
few cast-iron and riveted steel pipes, the former being given in 
Prof. A. N. Talbot’s Bulletin No. 22 of the University of Illinois, 
1908, and the latter in the paper of D. D. Clarke, chief engineer 
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of the Portland, Ore., water works, in Transactions of the American 
Society of Civil Engineers, Volume XX XVIII (1897), pages 93- 
114, together with some observations made by the writer at various 
times between 1874 and 1896. 

In view of the fact that settlements of the backfill usually ap- 
pear to extend nearly uniformly across the entire width of the 
trench, the writer has assumed that the pressure thus induced 
upon the upper surface of the pipe is distributed uniformly in a 
vertical direction over its width and that no considerable pres- 
sure is exerted horizontally against the sides of the pipe; also, 
that the pipe bears uniformly upon its earthen foundation in 
the same manner as the backfill on the top. These assumptions, 
moreover, facilitate the computation of the bending moments, 
stresses, and deformation in a ritig-shaped section. On this basis 
the formula for the magnitude of the elastic flattening or reduc- 
- tion (y) of the vertical diameter of a relatively thin pipe becomes: 


y= mar where W is the uniformly distributed external load 


acting vertically on the pipe per unit of length; D is the mean 
diameter of the section, or the internal diameter plus the thick- 
ness, t; E is the modus of elasticity of the metal of which the pipe 
is made, and J is the moment of inertia of the longitudinal section 


of the wall of the pipe per unit of length, which is expressed by a 


For the cast iron of the 36-in. and 48-in. pipes used in his experi- 
ments, Professor Talbot deduced the approximate average value 
E = 11000 000 lb. per sq. in.; and for wrought-iron and steel 
plates the writer has assumed the usual mean value E = 30 000 000 
Ib. per sq.in. The-weight W may also be expressed by W = wD, 
where w is the equivalent vertical load in pounds per unit of area. 


Taking the inch as unit and replacing J by its value (a) we now 
have — 
wD* 
Y= gp Whence 
which is the expression for the uniformly distributed vertical 
load or weight of backfill in pounds per square inch of horizontal 


surface required to produce a given deformation or reduction (y) 
of the vertical diameter of the pipe. 
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The values of w thus computed from the observed values of 
E, t, y, and D may now be compared with the observed or esti- 
mated weight w: per square inch of the backfill, and the writer 
has arranged some of the available data in the following table, 
in which the first four items refer to cast iron, and the remainder 
to soft steel pipes. 


Mean 
Internal Thickness Diameter Deformation Estimated Computed Ratio 
Diameter. (D) (w)). Li (w). w 
In. In. In. In. b. Sq. in. Lb. Sq. In. Backfill. 
48 1.25 49.25 1.00 ‘es 29.2 0.785 s* 
48 1.50 49.50 1.00 57.2 49.4 0.864 Ss* 
36 1.00 37.00 0.80 49.6 37.5 0.754 S* 
36 1.25 37.25 0.50 63.8 44.6 0.700 S* 
42 0.2388 42.238 0.488 2.92 0.445 0.153 s* 
42 0.203 42.203 3.50 4.69 2.216 0.472 SCt 
42 0.203 42.203 2.75 4.69 1.741 0.372 SCt 
42 0.203 42.203 1.00 3.61 0.633 0.175 Wst 
42 0.203 42.203 0.563 2.92 0.356 0.122 s* 
35 0.203 35.203 3.00 3.13 3.922 1.255 SCt 
33 0.203 33.203 0.375 3.19 0.620 0.194 Ss* 
33 0.203 33.203 0.188 1.67 0.310 0.186 s* 
38 0.25 38.25 2.00 5.83 3.504 0.600 WC§ 
38 0.25 38.25 1.50 5.83 2.628 0.450 WC$ 
* Weight of dry sand given at 80 Ib. per cu. ft. S=Dry Sand. 
+ Weight of sandy clay estimated at 90 Ib. per cu. ft. a Clay. 


t Weight of wet sand estimated at 100 !b. per cu. ft. and. 
§ Weight of wet clay, etc., estimated at 120 Ib. per cu. ft. WC= Wet Pate and Stones. 


The values of the ratio ( =) in the foregoing table exhibit a 


wide variation, as is to be expected. In the case of the 35-in. 


steel pipe, it is probable that the filling under the lower quarters 
of the pipe was not well done, and that the pipe rested mainly 
on a narrow strip of the bottom, whereby the deformation was 
greatly increased. 

Where a good support on the bottom is given by dry or well- 
tamped sand, it seems that the external load due to the backfill 
may be taken at. from one fifth to one half the weight of the ma- 
terial, distributed uniformly on the horizontal projection of the 
pipe, when the depth of covering is from 3 to 7 ft.; but when the 
backfill is heavily loaded, a corresponding addition must be made, 
as indicated in the case of the cast-iron pipes. The data are not 
sufficiently numerous and diversified to give a clear view of the 
matter, as so much depends on the nature of the backfill and the 
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way it is placed under and over the pipe; hence until further 
investigations have been made, it will be prudent to assume that 
in locations where the right of way for a pipe conduit is not af- 
fected by heavy moving loads, such as locomotives, road rollers, 
etc., at least two thirds of the weight of the backfill acts upon the 
pipe as a uniformly distributed vertical load and produces cir- 
cumferential bending stresses in the metal. 

The magnitude of themaximum stress s in the outermost fiber, due 
tothe said uniform vertical external load (w), is found by placing the 
moment or modulus of resistance equal to the maximum bending 

moment: M=75° whence s = 0.375u( . Now, if we 
assume that the backfill weighs 115 lb. per cu. ft. and is 6 ft. deep, 
the weight will be w:=4.8 lb. per sq.in.; and if two thirds thereof 
acts vertically upon the pipe as aforesaid, the value of w will be 


2 
w= lb. per sq. in., whence s=1.2(7). In general, the 


ratio (7) =37 for the thinnest large cast-iron pipes and 193 for 


the thinnest large steel pipes; hence we have in general the maxi- 
mum stress due to bending, s = 1 643 lb. per sq. in. for cast iron, and 
s = 44699 lb. per sq. in. for steel. This latter value of s is greater 
than the elastic limit of the metal, and hence the pipe will become 
permanently flattened unless a considerable horizontal pressure 
is exerted on the sides of the pipe. From the foregoing experi- 


mental data it does not seem expedient to regard the ratio (=) 


as being less than 0.25 under the most favorable conditions, and 
if the weight of the backfill is only 96 lb. per cu. ft. with a 


depth of 3 ft., we will have w=7'=2.0 lb. per sq. in., and 


2 
s=0.75(7) =27 937 lb. per sq. in. for the thinnest steel pipes. 


These figures will suffice to show that the stresses caused by the 
backfill are of much importance when the pipe is empty or internal 
water pressure is small. 

The question now arises whether the tensile bending stress 
due to the backfill is to be added to the tensile stress resulting 
from the internal water pressure, or whether the latter does not 
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eliminate the former in large degree by reducing the initial de- 
formation or flattening. There can be little doubt that a large 
internal water pressure will tend to restore the original circular 
cross-section of the pipe, but in doing this work the sides of the 
pipe will recede slightly from the adjacent earth and thus reduce 
or eliminate any existing lateral horizontal pressure. This action 
must be followed by a corresponding increase of the vertical 
external pressure until equilibrium is finally established with a 
somewhat greater external load than while the pipe was empty, 
and hence also with a slight deformation and a resulting tensile 
stress that will add to the stress produced by the internal water 
pressure. It is difficult to determine the magnitude of this final 
flattening and its accompanying tensile stress. In the case of 
cast-iron pipes it will usually be small, but in the case of thin 
steel pipes. it may attain a considerable magnitude. Under 
existing conditions of inadequate experimental data, it will, there- 
fore, be prudent to consider that the backfill will produce an 
appreciable deformation and tensile stress in large water pipes, 
as done in Mr. Hazen’s formula. | : 

Another feature in the case is the external pressure of the 
atmosphere against the wall of a pipe from which the water 
has been withdrawn, as when a valve is closed and a blow-off 
is opened. The backfill is usually more porous above the pipe 
than below the same, so that momentarily a greater atmospheric 
pressure will develop on the upper surface than on the lower 
one when all internal pressure ceases; and if the material is 
moist and plastic, the air pressure on the surface of the backfill 
will act like an applied load at the rate of 14.7 lb. per sq. in., of 
which the greater part will be transmitted to the pipe. This 
atmospheric pressure is equal to the weight of a column of earth 
22 ft. high at the rate of 96 lb. per cu. ft. No provision for admit- 
ting air into cast-iron pipes by means of automatic vacuum valves 
is usually made, but if we assume a depth of 10 ft. of backfill at 
115 lb. per cu. ft. in conjunction with the atmospheric pressure, 
the total external load will become w,;=23 lb. per sq. in.; and if 
three fourths of this load acts vertically upon the upper surface 
of the pipe, as indicated by Professor Talbot’s data in the fore- 
going table, we will have w = 17.25 lb. per sq. in., and the cor- 
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2 
responding stress += 0.275u( 7) =8 857 lb. per sq. in. in the 


thinnest cast-iron pipe for which the ratio (7) =37. This is 


an extreme case, as there will be a little air pressure on bottom of 
pipe, owing to the density of the material and the high resistance 
to the circulation of air therein. 

Severe circumferential stresses are also caused in cast-iron pipes 
by the settling of several lengths. This produces an intense 
leverage pressure in the lead joint on the top and bottom of the 
spigot, with the probability that the fillet or bead comes in contact 
at the top. with the bell, thus making a concentrated load of great 
magnitude. If we assume that this vertical load is not concen- 
trated, but is distributed uniformly over the horizontal diameter 
D and on an effective width of 2 in., and is resisted by a length of 
b=12 in. of the spigot end of the pipe, we will have the relation 

2wD? sbi? t\? 

= whence w= 16.(5) . Taking the stress 
s at its limiting value for cast iron in flexure, viz., s=27 000 
Ib. per sq. in., as per Professor Talbot’s tests, we will have for 
a 36-in. cast-iron pipe 1 in. thick a limiting leverage load on the 
lead joint w = 316 lb. per sq. in. on width of 2 in. Such a load 
is very easily developed by the settling of a few heavy pipes in 
a yielding soil. 

In addition to the computable stresses mentioned in the fore- 
going, there are a variety of other stresses that should be taken 
into consideration, as cited in Mr. Hazen’s paper. Concerning 
the magnitude of these other stresses, little information of a 
definite character is available, and hence allowance for them must ~ 
be made in the adopted factor of safety. Mr. Hazen has shown 
very good reasons for modifying our previous formulas for the 
thickness of large cast-iron pipes, and submits a rational sub- 
stitute. The only point that the writer can raise is in regard to 
the ultimate tensile strength of that quality of cast iron which is 
now commonly used for making pipes. The author has adopted 
for this a value of 22000 lb. per sq. in. Not many years ago 
water-works engineers were satisfied if the direct tension tests 
of samples of the metal showed an ultimate strength of about 16- 
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000 Ib. per sq. in. For breaking stress in bending, values of from 
30 000 to 40 000 Ib. per sq. in. are often obtained, but as these 
figures are commonly based on the erroneous assumption that at 
rupture the neutral axis lies at the middle of the rectangular cross- 
section of the test bar, it is clear that they cannot represent the 
normal tensile strength of the metal which is brought into action 
by the internal water pressure. The use of s = 22000 thus im- 
plies a marked improvement in pipe foundry practice which de- 
serves some explanation, and the author will add much to the value 
of his paper by submitting a brief abstract of recent tests of pipe 
metal on which his figure is based. 

Artuur N. Ese.* (by letter). Mr. Hazen has 


referred to the experiments on the strength of cast-iron pipe 


to resist external load made at the University of Illinois. It is 
evident from a study of the question that the actual bending 
moment brought upon pipe depends upon the method of ap- 
plying the load (its distribution over the pipe) and upon the way 
the pipe is bedded. If the pipe is supported along the bottom 


- element alone, and the load is applied along the top element, 


the bending moment at a longitudinal section at the top or bot- 
tom of the pipe will be 0.16QD where Q is the concentrated load 
applied at the crown and D is the diameter of the ring. If, now, 
the load is distributed uniformly in a horizontal direction over the 
pipe, and if the upward pressure on the bed is similarly uniformly 


‘distributed, the maximum bending moment is 7;WD where W 


is the total vertical load on the pipe. Lateral pressure against the 
pipe will reduce this maximum bending moment. If this lateral 
pressure ‘is uniformly distributed and if qg represents the ratio of 
the horizontal to the vertical intensity of pressure, the maximum 
moment will be 7¢(1 — q)WD, where W is the total vertical load 
on the pipe. It is seen that if the intensity of the horizontal 
pressure is the same as that of the vertical pressure, g = 1 and the 
bending moment becomes zero at all points. Any horizontal or 
lateral pressure if uniformly distributed will decrease the bending 
moment developed. However, study of tests made on pipe em- 
bedded in sand, and consideration of the conditions which will 


_* Professor of Municipal and Sanitary Engineering and in charge of Theoretical and Applied 
Mechanics, University of Illinois, Urbana, III. 
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exist in the bed and in the back-filling of a pipe line, indicate that 
the effect of this lateral pressure may be expected to be offset 
by variations from uniform distribution of pressure or the bed or 
of the load on the pipe and, therefore, that 4g is as low a coefficient 
as should ordinarily be assumed in calculating stresses. Under 
these assumptions the formula given by Mr. Hazen for the bend- 
ing moment stress developed is correct, and probably it is as 
generally representative as can be made with our present knowl- 
edge. It may need modification for unusual conditions of bed- 
ding and backfilling, and of course in deep trenches the full weight 
of the earth may not come on the pipe. 

The analysis given in Bulletin No. 22 of the Engineering Ex- 
periment Station of the University of Illinois, referred to by Mr. 
Hazen, brings out the importance of giving especial care to bed- 
ding and backfilling. It is very important that the pipe shall 
not rest along an element at the bottom, or that after a little 
settlement the main pressure shall not be upon this line. If 
the layer of earth immediately under the pipe is hard or uneven, 
or if the bedding at either side of the pipe is of soft material or 
is not well tamped, the result is greatly to increase the bending 
moment developed by the external load and hence to increase 
the tendency of pipe to fail. This condition may be aggravated 
in the case of a pipe with stiff bell or hub when settlement brings 
an excessive proportion of the bearing at the bell, resulting in a 
distribution. of pressure far from uniform. In bedding the pipe 
in hard ground it is better to form the trench so that the pipe will 
be fairly free along the bottom element, even after settlement 
occurs, and in such way that the bearing pressure may be greatest 
near the one-third points of the horizontal diameter, or even 
farther out. Care in this matter will reduce the bending moment 
stresses in the pipe. 

In case the pipe -is bedded in loose material, the effect of 
settlement will be to compress the earth immediately under the 
bottom element of the pipe more than at either side, with the 
result that the pressure will tend toward concentration at the 
center. Careful filling and tamping at the sides will result in 
giving lateral support to the pipe. In a similar manner the fill- 
ing and tamping over the top may be made in such a way as to 


; 
: 
: 
ub 
AG 
: 
123 
2 
A 


54 THICKNESS OF WALLS OF LARGE PIPE LINES. 


reduce the bending moment stresses — the fill should be more 
thoroughly compacted at the sides and over the quarter than over 
the top of the pipe. 

Attention should be called to the fact that the analysis of effect 
of external load assumes that the distribution of the pressure 
is by means of the earth under and over the ring and that this 
earth will be compressed in somewhat the same way as other 
materials of construction under compression. Unless the earth 
has elasticity, the assumed distribution of pressure cannot occur. 
Further, to secure the uniform distribution assumed, the pipe 
itself must deform enough to allow for the movement of the earth 
which takes place under this compression. This is especially 
true with reference to the presence and utilization of lateral 
restraint, and a ring which does not deform laterally will not 
develop lateral pressure in the adjoining earth under ordinary 
conditions of moisture and filling to any great extent. As the 
conditions of earth and moisture produce mobility and approach 
hydrostatic conditions, the necessity for this elasticity and move- 
ment does not exist, but here the lateral pressure approaches the 
vertical pressure in amount and the bending moment becomes 
relatively smaller. 

Enough has been said-to indicate the importance of care in 
bedding pipe and in filling over them and to indicate the great 
difference in the amount of bending moment stresses developed 
with different conditions of bedding and filling. Where there is 
any question of needed strength, it will be money well spent to 
use especial care and precaution in bedding the pipe and in filling 
around and over it. 

Mr. Hazen refers to the smaller liability of steel pipe to break- 
age. One factor which gives additional security to the steel 
pipe, and which has not been recognized, is the advantageous 
distribution of external pressure above and below and laterally, 
due to the larger deformation under external load. Under the 
distortion of section the pressure will be greater at points away - 
from the top and bottom element and the lateral pressure against 
the pipe will also be greater. The change in the horizontal and 
vertical diameters of a steel pipe 0.2 in. thick will be seventy-five 
times as great as that of a cast-iron pipe 1 in. thick under the same > 
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load and with the same distribution of pressure. The higher 
deformation will permit the development of lateral pressures 
which will much reduce the bending moment stresses brought 
upon the pipe by the external loads. Although the tests hereto- 
fore referred to show that 48-in. cast-iron pipe will give a change 
in diameter of from 4 in. to 14 in. before breaking, the amount of 
change in diameter where internal pressure constitutes the prin- 
cipal force producing stress will be slight, and the yielding of the 
earth will not be sufficient to permit the development of much 
lateral pressure. In thin steel pipe the change in diameter under 
ordinary loads is greater. This point, of course, is only one item 
in any comparison of steel and cast-iron pipe. 

It does not seem logical to make the allowance for water hammer 
in a pipe line dependent upon the amount of the static pressure, 
as the conditions of pipe line flow vary so greatly, and especially 
as the amount of water hammer developed depends upon velocity 
of flow rather than upon the static pressure existing. 

Mr. Hazen is to be commended for calling attention to the 
importance of the stresses due to external load in large pipes 
subjected to low internal pressure. The paper is an interesting 
presentation of the matter. 

Mr. W. C. Hawtey * (by letter). This paper calls attention to 
a fact which, while it has been understood by a few engineers, 
has not been generally recognized by the average water-works 
- man. Up to a certain diameter, the external pressure, so far as 
the weight of the backfill is concerned, need not be considered, 
but just what this limiting diameter is has not been stated. It 
is the writer’s belief, however, that the author, in considering 
pipes 36 in. in diameter and larger, has indicated the point at 
which the weight of the backfill must be considered, except, 
possibly, in those cases where the pipe is laid at excessive depths. 
This is borne out by the experience with the Pennsylvania Water 
Company’s line to which Mr. Metcalf has referred. This line 
was laid for the purpose of conveying water from one distributing 
reservoir to another, and two miles of it were of 42-in. pipe, the 
other two miles being of 30-in. pipe. The 42-in. pipe was laid 
with an average depth of cover to top of pipe of about 4.5 ft., 
*Chief Engineer, Pennsy!vania Water Company, Wilkinsburg. Pa, 
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but there were a number of places where for short distances it 
was from 9 ft. to 12 ft., and in two cases it was at least 18 ft. The 
water pressure on this line reached as high as 150 lb. per sq. in. 
There were but two weights of 42-in. pipe used: Class A, which 
weighed 400 lb. per ft., with a thickness of approximately 0.86 
in., and Class B, which weighed 450 Ib. per ft., with a thickness 
of approximately 0.97 in. The deep trench, with one exception, 
occurred on the B class of pipe. The exception was that with 
18-ft. cover near the first reservoir, and it is interesting to note 
that two of the light-weight pipe failed in this deep trench. 

The serious trouble on this line, however, occurred with the 
Class B pipe at a point where the pressure was in the neighbor- 
hood of 125 lb. and where the backfill did not exceed from 3 to 
5 ft. The failures were so serious that a mile and one half of the 
42-in. pipe were taken up and replaced with 36-in. pipe. 

The two miles of 30-in. were of a uniform weight of 250 lb. 
per ft., with a thickness of about 0.82 in. This pipe was laid with 
an average depth of cover of about 4 or 5 ft., but with maximum 
depths of 8 to 12 ft. The highest pressure carried was about 
130 Ib. to the sq. in., and the backfill at this point was only 2 or 
3 ft. The weight of this pipe was calculated by the same formula 
that was used for the 42-in. pipe; it was purchased from the same 
foundry under the same specifications at the same time and 
neither was inspected at the foundry. Both pipes were laid in 
1900 by the same contractor, and the 30-in. is still in service with- 
out a single failure due to any fault of the pipe. This would seem 
to indicate that the smallest diameter of pipe which requires the 
consideration of the external pressure lies between 30-in. and 42-in. 
It is interesting to note, however, that nearly all of the 30-in. 
pipe was laid in an earth trench with good material on which to 
place the pipe, while most of the trench for the 42-in. pipe was in 
stony ground or rock. aig 

As above stated, there is about one-half mile of the 42-in. pipe 
still in service. Specifications under which this pipe was laid 
called for it to be laid-on blocks. This was not done in all cases, 
but within the last fifteen months two pipes have burst on account 
of the concentration of the load at one point. In each case the 
pipe was resting on a projection of rock in the bottom of the 
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trench. In contrast to this, in the mile and one half of 36-in. pipe 
which was laid by the same contractor in the same trench after 
the removal of the 42-in pipe, but under rigid inspection by a 
man experienced in pipe laying and which was not laid on blocks, 
there has not been a single failure, not even a serious leak, in the 
eight years that it has been in service. The 36-in. pipe was, how- 
ever, materially heavier than the 42-in. pipe. 

The stresses from internal strains in the metal and the stress 
due to improperly bedding the pipe cannot and need not be taken 
care of in a formula for thickness of pipe. The former can be 
largely eliminated by proper inspection at the foundry by an 
experienced inspector. The latter requires good honest work 
in laying the pipe. The inspection necessary to secure the desired 
results will cost far less than the additional metal which will be 
required if allowance is made in the formula to cover them, to 
say nothing of the cost of damages and the annoyances caused 
by the interruption of supply after the pipe has been laid and put 
into service. 

The thorough bedding of the pipe is a more important matter 
than is generally recognized. The writer had occasion some years 
ago to reconstruct a water-works plant and to materially in- 
crease the pressure on a portion of its distribution system. The 
pipe in this system, or at least a considerable part of it, had been 
laid to stand a pressure of not to exceed 90 lb. per sq. in. As a 
matter of fact, for years the pressure has seldom if ever exceeded 
40 to 65 lb. Some of the 4, 6, and 8 in. pipe weighed respectively 
20, 30, and 40 lb. per ft. With the completion of a new reservoir, 
the pressure was increased to from 125 to 165 lb. per sq. in. The 
pipes, though of light weight for such pressures, had been in the 
ground long enough to have become thoroughly bedded, and there 
were but two pipes burst as the result of increasing the pressure, 
both of which were light-weight 12-in. pipes. The writer is of 
the opinion that had this pipe system been subjected to such a 
high pressure when it was first laid, there would have been a 
large number of breaks. : 

There is a cause for the failure of cast-iron pipe which was very 
forcibly called to the writer’s attention some years ago by a car- 
load of pipe which had been in a railroad collision. The pipe had 
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been partially thrown from the car, some of it badly broken, 
other lengths merely cracked. It was reloaded and upon its arrival 
at its destination, the broken and cracked pipe was rejected. A 
very careful inspection was made of each length, and special 
attention was given to sounding each length as it hung supported 
from the derrick by striking it with a hammer. At least three 
men inspected the pipe on the ground before it was put in the 
ditch, with the result of still more rejections. As soon as the pipe 
was laid, it was tested under pressure and several lengths failed. 
An inspection of the breaks showed that the pipe had been cracked 
on the inside where it could not be seen by the inspector, but that 
the crack had not extended through the shell of the pipe. Doubt- 
less the cause of the crack was a sharp blow received on the outside 
at the time of the collision, which had opened the crack on the 
inside of the pipe, but was not sufficient to cause a crack through 
the entire thickness of the metal. The writer’s experience since 
that leads him to believe that a considerable number of the failures 
of cast-iron pipe are due to blows received in loading, transporta- 
tion, or unloading, — especially unloading, — and that special 
care must be exercised to prevent pipe being damaged in this way. 

The writer notes that in developing the formula for the thickness 
of cast-iron pipe, the author has used 22000 lb. as the tensile 
strength of the metal. Doubtless he has information which leads 
to the use of this seemingly high figure. So far as the writer is 
concerned, he has for some years past used 18 000 lb., and from 
rather recent figures is inclined to believe that 20000 lb. could 
be safely used. 

Mr. ALLEN Hazen (by letter). The author will agree at once that 
the subject of “‘ water ram ”’ was treated in an inadequate way, as 
was perhaps natural, because it was not the main subject under 
discussion. The author hopes that a separate paper upon this 
subject may be presented by some one who is well qualified to 
do it. 

The tensile strength of cast iron, taken in the calculation as 
22 000 Ib. per sq. in., is probably a little above that which can 
ordinarily be obtained at the present time. Mr.. Hawley’s sug- 
gestion of 20000 lb. as representing the best current work 
is probably about right. The calculation was first made in con- 
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nection with a discussion in which it was proposed to use a superior 
quality of cast iror. with a higher tensile strength, and the figures 
so made were not reduced, as perhaps it would be well to do now, 
in applying them to present conditions. 

On the other hand, the average strength of the wai: iron used 
in the culvert pipes broken in Professor Talbot’s experiments, 
computed by solving the formula backward, gave an average 
value somewhat above the 22 000 lb. 

The fact that lateral pressure is developed largely in connection 
with the deformation of the pipe, growing out of its elasticity, is” 
an interesting one, and the points made by Professor Talbot and 
Mr. Kuichling, based upon this general idea, are most interesting 
and important. 

Mr. Kuichling’s data as to the weight actually borne in certain 
cases, computed from the measured distortion of the pipe, is 
most interesting. This seems to indicate in general a smaller pro- 
portion of the weight of the fill actually carried by the pipe than 
is assumed by the formula. However, the maximum results will 
control rather than average results, and bearing this in mind the 
substantial agreement between the formula and the observations 
is gratifying. Professor Talbot’s endorsement of the general 
method is most important. 

It is gratifying that Mr. Hawley has put on record particulars 
as to one of the lines of thin pipe that has broken badly. The 
author believes that there are a number of other cases of interest 
and importance known to members of the Association, and he 
hopes that further particulars of these may be put on record at 
some time. 
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THE MECHANICAL FILTRATION PLANT AT NEWPORT, 


BY ROBERT E. MILLIGAN, MANAGER NEW YORK CONTINENTAL 
JEWELL FILTRATION COMPANY. 


[Read December 14, 1910.] 


The reinforced concrete filtration plant of the Newport Water 
Works, Newport, R. I., was contracted for in the early part of 
1909 and completed and placed in operation in May, 1910. 

’ Considerable elasticity in operation is possible because of the 
design of this plant, as sedimentation with or without coagulation, 
separate coagulation within the basin provided, sterilization by 
hypochlorite solution before or after filtration, and aération are 
all arranged for in conjunction with mechanical filtration proper. 

The plant consists essentially of two sedimentation or settling 
basins arranged to operate as one basin under normal conditions, a 
distinct coagulating basin through which the settled water must 
pass to the filters, the filters themselves and the clear water well 
below them. 

Fig. 1, Plate I, shows the general design and relation of these 
settling basins and the coagulating basin to the filters proper which 
are contained within the house shown in the middle distance, the 
background indicating the pumping station of the water works, to 
which the new structure is joined by a covered passage and ma- 
chinery room. The settling basins are arranged around three 
sides of the coagulating basin and the coagulating basin is located 
within the space indicated by the iron railing shown on the picture. 
The basins together occupy a rectangular space approximately 
135 ft. long by 70 ft. wide, and the center coagulating space is 
84 ft. by 25 ft. The settling basins are about 19 ft. deep and the 
coagulating basin 16 ft. The tower shown is the coagulating por- 
tion of the building providing gravity feeds for the solutions used 
in the purification process. 
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PLATE I. 

N. E. W. W. ASSOCIATION, 
MARCH, 1911. 
MILLIGAN ON 

FILTRATION AT NEWPORT. 


Fie. 1. 


ARRANGEMENT OF SETTLING BASIN AND COAGULATING BASIN IN RE- 
LATION TO FILTERS. 


Fig. 2. 


CoMPLETE SEDIMENTATION AND COAGULATING BASIN BEFORE SUPER- 
STRUCTURE WAS ERECTED. 
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Fig. 2, Plate I, shows the completed sedimentation and coagu- 
lating basins, filter tanks, clear well, and machinery room all 
enclosed before erection of buildings. The elevated structure 
shown above the basin contains the concrete storage tanks, four in 
number, for the sulphate of alumina and hypochlorite of lime solu- 
tions. The building in the background is the pumping station, and 
the sheet of water shown is one of the supplies of the water works, 
in fact, the receiving basin or impounded reservoir from which the 
low-service pumps supplying the filters take their suction. 

As you probably know, Rhode Island has few hills and conse- 
quently a limited watershed, so that large impounded areas are 
used to provide the supply for Newport. These supplies are con- 
nected together, and to the receiving reservoir shown adjacent to 
the pumping station. A special pumping station is in use occasion- 
ally to force the water from one of these reservoirs to the receiv- 
ing basin because of an intervening hill. Newport’s water supply 
is carefully guarded against pollution, large areas of water-shed 
being owned by the company. From the viewpoint of filtration, 
however, this is a difficult water to handle, as most of the supply 
is high in color Portions of the supply differ radically from each 
other in character. All of it is low in alkalinity, and algal growths 
at certain times prevail. 

The report of the State Board of Health for July, 1910, states 
that considerable micro-organisms were present, including des- 
mids, protozoa and nostoc, crustaceans and amorphous matter. 
These continued through August, while the report of November 
includes asterionella, pediastrum, and scenedesmus. At that time, 
November 15, 1910, the: report shows the raw applied water to 
have a color of 43 and 330 bacteria per cubic centimeter, and the 
treated filtered water to be 5 in color and had no bacteria per 
cubic centimeter. 

Our own chemist, Mr. Nichol, now in that neighborhood, writes 
me that he finds scytomena in quantities clinging to the filter 
walls. 

These difficulties were foreseen and influenced the design, Dr. 
J. L. Leal, who acted as adviser to the water works and supervised 
the design of the plant, wishing all the latitude possible to meet 
and remove these disadvantages. 
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Constructively, the plant is an excellent example of reinforced 
concrete; it might rather be described as concreted steel. 

Fig. 1, Plate II, gives an idea of the very thin reinforced beams 
tying the open coagulating and sedimentation basins together in 
place of decks, and indicating the concrete flume opening through 
which the subsided water passes to the coagulating basin and then 
to the filters by gravity. There are 1 640 cubic yards of concrete 
of the proportion 1:2:4, and 76 tons of corrugated type D steel 
bars used, the steel being approximately 0.7 per cent. of the bulk 
of the concrete. The capacity of the sedimentation basin is 
750 000 gallons, or three hours’ continuous subsideace at the nor- 
~ mal filtering value of 6 000 000 United States gallons in twenty- 
four hours. In addition, the capacity of the coagulating basin is 
250 000 gallons, or a period of one hour’s coagulation; the total 
capacity for subsidence and coagulation is therefore 1 000 000 
gallons, or a period of four hours from the time the water enters the 
settling basin until it reaches the influent flume to the filters. 

Within the space connecting the pumping station with the new 
filter building is arranged the low-service machinery rooms. 

This room (Fig. 2, Plate II) is on a level with the old pump room, 
elevation 14.43, about 7 ft. below the operating floor of the filter 
house, elevation 21.25, so that it is easily reached by the engineer 
in charge, and also forms the entrance to the filter house. In this 
machinery room are located two 6000 000-gallon centrifugal 
pumps, each direct connected to vertical Sturtevant engines, and 
these pumps supply the sedimentation basins with the water to 
be purified, pumping first to two large aérating devices, one on 
either side of the two settling basins, and superimposed above 
them and partly supported on the filter deck. In this room also 
is located the blower furnishing air to assist in washing the filters, 
and the two cast-iron float tanks with levers operating the balanced 
valves on the steam supply to the engines; these float, tanks are 
connected with the level of the water in the coagulating basin 
so that the pumps increase or diminish the supply automatically. 
And here, too, is located the testing table disclosing the water 
passing from the filters, and the raw water as well 

At times considerable odor exists in the raw supply, rendering 
a very thorough aération necessary before it passes to the filters. 
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PLATE II, 

N. E. W. W. ASSOCIATION, 
MARCH, 1911, 
MILLIGAN ON 

FILTRATION AT NEWPORT. 


Fig. 1. 
SURFACE OF COAGULATION BASIN SHOWING FLUME ENTRANCE. 


Fig. 2. 
Low-SERVICE PUMPS. 
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The aérating devices (Fig. 1, Plate III) are, I think, novel and 
certainly have proven successful in the results obtained. They 
consist of substantially two large concrete boxes, each with two 
sides or slabs converging to a common center. On these slabs rest 
certain cast-iron sections about 2 in square. These sections are 
ridged in such a manner that when bolted together, covering the 
entire surface, the whole presents a series of channels abutting one 
against the other and forcing the incoming water to take a tortuous 
tangential direction, and making a multiplicity of miniature water 
falls over which the water dashes, reaching the channel at the 
bottom of the converging slabs thoroughly aérated and without 
further cost than the extra lift of about 4 ft. implies. The collect- 
ing channel then permits the water to pass into the settling basins 
and eventually to and through the filters, passing through Weston 
controllers located in the pipe gallery, finally to the clear water 
well under the filter house whence the high-service pump lifts 
it to the consumer. 

The pipe gallery is lighted by electricity, is spacious and easily 
entered by a door leading from the machinery room. 

Fig. 2, Plate III, shows the operating floor above the pipe 
gallery before the building was erected. The filter bed openings 
and the line of the building is also indicated. On the right is 
located one of the aérators. 

The same space is shown in Fig. 1. Plate IV, after the erection 
of the building and installation of the operating tables. Here 
the laboratory room is located. At the upper end of the operat- 
ing gallery, and beyond the laboratory, is the storage space. 
Storage and mixing tanks with agitators are arranged in a gallery 
elevated above the main floor, while on the main floor are located 
the orifice and regulating devices for the feeding of coagulant 
and hypochlorite solution. 

On the operating floor, the loss of head gages are installed 
adjacent to the operating tables. These tables are constructed 
of black slate, and the indicators and valve handles are nickel 
plate, the whole adding to the appearance of the gallery. 

- The filter house proper opens into the coagulant tower located 
just above the end wall of the coagulating basin (Fig. 2, Plate IV). 
In this tower are arranged all the coagulant devices; the upper 
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portion of the tower or gallery contains the two hypochlorite of 
lime tanks and the two sulphate of alumina tanks, all four of 
reinforced concrete, each 7 by 7 by 5 inside. By means of a hoist 
and bucket the sulphate of alumina is lifted in measured quantity 
and laid upon the racks and water sprayed upon it until dissolved, 
and the concrete storage tank filled to a prearranged point, where- 
upon the water automatically shuts off, and the stored solution, 
2 per cent. strength, is ready for use; this solution, kept in motion 
by agitators, then feeds into a porcelain-lined cast-iron orifice 
box located below and in measured quantity is introduced from 
there into the raw water at two points if required, namely, the 
suction of the centrifugal pumps and the influent flume to the 
coagulating basin. While the hypochlorite solution is also used 
and stored as a solution and fed through similar orifice feed boxes, 
the handling of che salt itself is somewhat different in order to 
get it into the storage tank with the least exposure. Superimposed 
above the concrete storage tanks are two cast-iron porcelain- 
lined mixing tanks with tight covers and equipped with agitators, 
revolving at a faster rate than is necessary for those used in the 
storage tanks. 

The hypochlorite is placed in these mixing tanks and thoroughly 
agitated with a small stream of water passing in and out to the 
storage tank, the storage tank meanwhile slowly filling to the 
point required. The hypo. is thus kept in a sort of chyle or milky 
solution, gradually weakening in the mixer and passing to the 
storage tank where the slower moving agitator keeps it thoroughly 
mixed. Little or no odor is noticed around this process, the mixing 
occurring but once a day. 

: Preliminary operating by us soon established the fact that 
introducing the hypo. into the raw water had no apparent effect 
even when quantities sufficiently large to convey distinct odor 
of chlorine to the filtered water were used. No reduction of 
bacteria or color was apparent and no appreciable elimination 
of alge was noticed. 

When coagulation with sulphate of alumina was accomplished 
by its introduction as the water entered the settling basin, and the 
coagulated water was filtered in the usual manner so that perfectly 
clear water greatly reduced in bacteria passed into the clear water 
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PLATE III. 

N. E. W. W. ASSOCIATION, 
MARCH, 1911. 
MILLIGAN ON 

FILTRATION AT NEWPORT, 


Fie. 1. 
ABRATING DEVICES. 


Fie. 2. 
FILTER OPERATING FLOOR AND FILTER BEDs. 
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PLATE IV. 

N. E. W. W. ASSOCIATION, 
MARCH, 1911. 
MILLIGAN ON 

FILTRATION AT NEWPORT. 


Fig. 1. 
OPERATING FLOOR. 


Fia. 2. 
CoAGULANT, Hypo-STORAGE, AND MIXING TANK. 
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weli, and the hypo. solution in minute quantities was fed at a 
point in the clear well at the sump or suction to the high-service 
pumps, the desired result was attained and practically sterile 
clear bright filtered water was pumped to the consumer. 

At the time the above-quoted State Board of Health analysis 
was made, November, 1910, one grain per gallon of sulphate of 
alumina was fed to the discharge of the low-service centrifugal 
pumps, and 0.5 parts per million of hypochlorite of lime were 
applied at the sump or outlet of the clear water well. 

The capacity of the clear water well is 116 000 gallons, and covers 
the entire basement of the filter plant proper. These are six 
1 000 000-gallon filters of the Continental air wash pattern, 
each discharging separately into it so that the one point where 
all the filtered water comes into intimate contact with all the 
hypo. fed through one connection is at the outlet of the basin 
where the high-service pumps take their suction. 

The officers of the water works gave every assistance, and the 
thanks. of the contractors are especially due Mr. E. W. Kent, 
chief engineer and superintendent, who supervised the construction 
for the Water Company, and under whose direction all the mains 
exterior to the building were laid and all the excavation ac- 
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WATER CONSUMPTION STATISTICS. 


WATER CONSUMPTION AND STATISTICS RELATING 
THERETO. 


BY EDWARD 8. COLE, CONSULTING ENGINEER, NEW YORK. 


[Read March 9, 1910.) 


It is not my purpose to discuss the broad subject of water con- 
sumption, but rather to plead for a more rational method of report- 
ing the statistics of water use in American cities. 

The need of better data has been appreciated keenly by all who 
are interested in the improvement of American works along lines 
of economy and efficiency. We in this country are very late to 
take up the conservation of our water supplies, however advanced 
we consider ourselves in other fields. Without doubt we must 
sooner or later find ourselves obliged to practice economy in water- 
works matters just as have our English cousins, and the certainty 
that this change is coming is the chief argument in favor of better 
water supply statistics, such as will give us the much-needed 
measure of relative economy. 

Our cities may be wasteful or economical in water use, but there 
is no competent evidence of the fact available to-day. Per 
capita consumption as we have it is of little or no value to the 
water-works man, whether he be interested in the operation of 
old works or the design of new ones, for the excellent reason that 
it has been our time-honored custom to lump business and domes- 
tie consumption. Obviously it is futile to compare total per 
capita ratio of consumption without first excluding business use. 
It needs no argument to show that ‘ business use” bears no 
rational relation either to population or to anything else. It is 
an independent variable with which it is impossible to solve the 
great problem of reasonable use in American cities. In the name. 
of common sense let us eliminate it! 

We are all familiar with examples of variable use, for we have 
the suburban town with little or no such use and the mill town 
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‘with a disproportionately large amount drawn for manufactur- 
ing purposes. 

It is plain that we must separate business and domestic con- 
sumption if we would make comparisons. Even in our large 
cities, business use varies greatly, though but few reliable esti- 
mates of it have been made; probably a variation of two hundred 
per cent. is quite possible. The twenty-five gallons per capita 
estimated by Mr. Brackett as used for business purposes in Boston 
is hardly a criterion for similar use in New York, Pittsburgh, 
Buffalo, or Chicago. 

Right here let me say that we cannot be too cautious in re- 

‘porting the total amount drawn for business purposes. Even 
when entirely supplied through meters we must accept the figures 
subject to an increase because of the widespread fondness of the 
American manufacturer for getting ahead of the local water 
department. That large meters are by-passed, or water drawn 
from fire services or other unmetered connections, is beyond 
tuestion and to an extent not realized by many superintendents. 
Speaking from a personal knowledge gained in making district 
~ tests in many cities during the past ten years, I do not hesitate to 
say that this sort of thing is responsible for much of the apparent 
unreasonableness in reported statistics as well as for great financial 
losses to city revenues. 

Incidentally let me add that such losses need not continue, 
for there are several well-known means for detecting them. Is 
it not possible that a few of our cities which enjoy the distinction 
of reporting a low per capita rate are more indebted to a fortu- 
nate combination of circumstances, such as a large tenement- 
house population and non-water-using mills, than to unusual 
efficiency of management? 

How often have we as outsiders misjudged a city reporting an 
apparently excessive total rate, when as a matter of fact there are 
special large business or other uses which justify that rate. 

As to domestic consumption we also find a variation, but it 
seems to bear a more or less rational relation to the character 
of the consumers. 

Here we find according to published statistics of metered con- 
sumption a range from ten or twelve gallons per capita daily for 
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the tenement-house dwellers with their scanty supply of fixtures - 
and unsanitary habits of living, to eighty or ninety gallons per 
capita for the finest residences and city apartment houses. 

Obviously it would be fair to divide domestic use according 
to three general classes representing the highest, middle, and low- 
est rate of use without involving unnecessary complication. 
Such a classification would throw a flood of light upon the whole 
matter of relative use and waste. 

First of all, we should be careful in reporting the total yearly 
consumption. Too often this is based upon plunger displacement 
without any correction for slippage. Where such allowance is 
made it would be well to report the method by which the actual 
net pumpage has been determined. This information would 
give to the figures a value which they do not now possess. 

We now have the following standard form as recommended by 
this Association. 
Total. 
(1) Population 4 On line of pipe. 

Supplied. 

(2) Total consumption for year. 
(3) Quantity passed through meters and per cent. of total. 
(4) Total number of meters and per cent. of services metered. 


Total. 
(5) Average Per inhabitant. 
consumption daily. | Per consumer. 
Per tap. 


In order to bring the matter definitely before the Association, 
the following form which seems to represent the minimum re- 
quirements is suggested. 


BUSINESS AND PUBLIC USE. 


(1) Business and public use by meters. 
(2) Business and public use, unmetered (estimated). 
(3) Business and public use, per capita. 
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DOMESTIC USE. 


First-class dwellings, hotels and apartment houses. 
Gallons metered to this class. 
Estimated population metered of this class. 
Per capita metered daily of this class. ° 
Estimated population of this class. 
Estimated use of entire city, metered and unmetered, of this 
class, based upon above rate shown by meters. 
Middle-class dwellings. 
Gallons metered to this class. 
Estimated population metered of this class. 
Per capita metered daily of this class. 
‘ Estimated population of this class. 
Estimated use of entire city of this class. 
Lowest-class dwellings, with scanty plumbing. 
Gallons metered to this class. 
Estimated population metered of this class. 
Per capita metered daily of this class. 
Estimated population of this class. 


Estimated use of entire city of this class. 


DISCUSSION. 


Mr. Leonarp Metcatr.* It seems to me that Mr. Cole’s 
suggestion is a very good one indeed. It is so plainly true that it 
hardly needs anything to be said in favor of it. Of course there 
is a practical difficulty in gathering the statistics which he suggests, 
but in a system which is thoroughly metered it ought to be possible 
to do it, and it seems to me that the cost of obtaining the infor- 
mation is so small that it might well be incurred. It does seem to 
me that it might be advantageous for the Association to give 
consideration to that fact in the form of statistics which has been 
prepared for general use, so that we might at all events obtain 
such additional information along these lines as is possible. 
Mr. Exvsert E. Locuripes.t Mr. President, I have been very 
much interested in Mr. Cole’s paper, especially in the part re- 


* Of Metcalf & Eddy, Consulting Engineers, Boston, Mass. 
t Chief Engineer, Water Department, Springfield, Mass. 
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lating to business uses of water. I think, as Mr. Cole does, that 
one city can hardly be judged in comparison with another as to 
the use of water, for we may have a city which is well metered with 
a comparatively high consumption per capita, and another, with 
perhaps not more than forty per cent. of that amount. If we were 
able to designate, as of course is possible in some systems, what 
the water could be used for, we would largely eliminate some of 
the business uses, or at least show what these uses were and what 
they amounted to as a business proposition. 

Mr. Georce A. Stacy.* I think Mr. Cole has opened up a new 
line of thought, or, rather, he has expressed the thought in a way 
in which it has not been expressed here before, which is of con- 
siderable value. It seems to me that there is a great lack of in- 
formation in regard to it. It seems perfectly natural and perfectly 
right, if we are going to state the consumption per consumer, to 
state it as nearly correctly as possible. That is very difficult to 
do when we mix up other uses with the domestic use, as we have 
done in the past. It seems to me that this will be a long road to 
travel, if we are going to see it through. 

THE PreEsipENT. I think you might find it interesting to study 
the water consumption in the two cities of New Bedford and 
Fall River. They are very similar in the character of their popu- 
lation, both being cotton mill cities. In Fall River they have an 
abundant supply of water for their boilers, and do not use the city 
water. In New Bedford I think nearly all the water for con- 
densing purposes is taken from the city mains, and, of course, 
the consumption per capita in New Bedford is from two to three 
times what it is in Fall River. The reason that is generally given 
to account for that is that Fall River is a metered city and New 
Bedford is not, but I think that is not the true explanation. 

Mr. GeorGe A. CARPENTER.{| Mr. Cole has alluded in a modest 
way to a fact which is of much greater importance than ‘he has 
given to it. We are in the habit of reporting our conclusions 
regarding the work of our pumping stations to a considerable degree 
of minuteness. We estimate carefully the amount of coal con- 
sumed, the amount of money expended in various ways, and then 


* Superintendent Water Works, Marlboro, Mass. 
t City Engineer, Pawtucket, R. I. 
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as a basis for deciding upon the effective work of our systems we 
depend upon an altogether unknown quantity, the amount of 
water sent out by our pumps. We take for that factor the plunger 
displacement with, perhaps, a suggested amount of slip, amounting 

something like 3 or 4 per cent.; because the engineer hardly 
cares to admit that his pump is giving an excessive amount of 
slip. 

Now, I know that operating engineers will take exception to 
this statement, but I firmly believe, from what information I 
have been able to gather, that the amount of slip in a large ma- 
jority of pumps in our pumping stations is an entirely unknown 
quantity; and yet we base all our calculations upon that quantity. 

In an investigation made a few years ago, in regard to the con- 
sumption in a city which was rated by plunger displacement at 
about ninety gallons per capita, — not a large per capita consump- 
tion for our American cities, — I made a complete investigation, 
taking as a basis of the population the census returns of the enumer- 
ators at Washington, which divide a city into smaller districts 
than can usually be obtained from the reported returns, and taking 
for the water consumption of those same districts the meter 
records of the department. In this city where the consumption 
by plunger displacement and by the figures reported was upwards 
of 90 gal. per capita, the domestic consumption, when applied 
to purely domestic uses, was not over 20 gal. per capita, and the 
total metered consumption where factories and domestic consumers 
were both metered, was only about 40 gal. per capita. I am posi- 
tive that the remaining 50 per cent. cannot in any way be accounted 
for by leaks or waste. In confirmation of that, a large section of 
this city was later supplied with a meter on the 12-in. main de- 
livering water to that section, and the consumption was found 
to be practically what had been computed for it, without any 
addition of 40 or 50 per cent. for waste. It therefore seems to me 
decidedly important to measure the water as it goes from our 
pumps by some form of meter, for then we.will have a better 
foundation upon which to base our future calculations. 

Mr. Frank C. Kimsatu.* I had occasion to look into a plant 
this summer, where the superintendent instead of using the 
* Civil Engineer. Boston. Mass. 
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plunger displacement to calculate the quantity of water which 
was pumped, shut the inlet gate into the pump well about once 
a month and pumped a given number of revolutions, and, noting 
the depth to which he drew the water, figured his plunger dis- 
placement from that, until he again tested it. 

There were three pumps in that plant, and one of those pumps 
showed about 6 per cent., while one of the others showed some- 
thing like 18 per cent. discrepancy between the actual pumpage 
as calculated from the well displacement and the plunger dis- 
placement. For some years now he has used that method, and 
does not enter his record as so much displacement less per cent. 
of slip, but enters it direct by dividing the displacement in his 
well by the number of revolutions. Wherever pumping is done 
from a well or a gallery, where the water can be shut off even for 
a limited time, say five minutes, this method will give you a very 
much better result than mere plunger displacement. 

I can remember that the first time I had to calculate the dis- 
charge of a pump I was told to use 2 per cent. for the slip, as 
that would cover everything. I took occasion on that same plant, 
a little while later, to shut down the discharge gate, and pumped 
against it to see how many revolutions I could get out of the pump. 
Of course that is not an accurate method of determining the 
slip, by any means, but it is very much better than to assume 
2 per cent., especially as I got about 7.5 per cent. out of that pump 
in that way. 

Mr. Jounson. I can offer some further testimony, perhaps, on 
the line suggested by Mr. Carpenter. This last summer I have 
had occasion to try to reconcile the meter readings, where a meter 
was placed on a force main, with the records of the displacement of 
the pump. Iwas very much surprised to find that the meter would 
sometimes record 30 per cent. less than the pump for a period, say,of 
several weeks, then it would be practically the same and then, per- 
haps, for two or three weeks it would be 20 per cent. less than the 
plunger displacement. We finally notified the makers of the meter 
and had them send a man up to find what was the trouble with it. 
He failed to find any trouble with the meter, and then I sent a 
man out to study the pump records day by day. He stayed in the 
pumping station watching the meter and the counter, and as a 
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result we found that the trouble was entirely in the pump. We 
now, after having made some changes in the pump, have the 
readings practically in agreement, — perhaps one or two per cent. 
difference. Sometimes there would be a chip under one of the 
valves of the pump, and sometimes something else would happen, 
but in every case where there was a great difference there was 
something the matter with the pump. I was impressed with the 
fact very forcibly that it was not only essential to test the pump 
occasionally, but that it is decidedly essential to have a meter 
on the force main, in order to get any accurate results, — anyway 
with this kind of pump. This is not intended as an advertisement 
for meters, but I firmly believe that a meter is an excellent thing 
in my own pumping station. 

Mr. ALLEN Hazen.* I have tried the experiment which Mr. 
Kimball described of closing the outlet of the pump and seeing 
how fast it would go, frequently; and I have almost always learned 
something from the experiment. In one case I remember a pump 
driven by water power which had been in use a good many years, 
and which was the main stand-by of a high-service system. Other 
pumps had been put in to help it out from time to time, but this 
old pump was $he main stand-by. We needed to know how much 
water was being used, so one day I took the responsibility of clos- 
ing the valve on the outlet. The pump never hesitated. 

Mr. Rosert 8. Weston. I was in Cincinnati a few years ago, 
and they told me a story about the old pumping station there 
which may be of interest in this connection. They had three 
very old pumps at the time the pumping station was dismantled, 
and on one occasion they stopped one of these three pumps, and 
no water ran into the reservoir with the other two pumps working. 

Mr. Joun C. Cuase.f I.may add a word of testimony as to 
the testing of a pump for slip. Some fifteen or twenty experiments, 
carried on over a period of about six months, showed that only 
from 83 to 90 per cent. of the measured capacity of the pumps 
was obtained. The 90 per cent. was when a new plunger had been 
put in and it was in first-class condition. Our experience in pump- 


* Civil Engineer, New York City. 
t Sanitary Expert, Boston, Mass. 
t Consulting Engineer, Derry Village, N. H. 
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ing against closed valves was practically the same as that of Mr. 
Kimball and Mr. Hazen. 

Mr. W. F. Sutiivan.* In Nashua we are separating the amount 
of water used by large manufacturing corporations and railroads 
from the rest of the consumption, and we find that it represents 
about forty gallons per capita out of the total. 

Mr. Samuet A. AcNew.t A number of years ago I wrote a 
paper on what my pumps were doing at Scituate,t and I estimated 
that a certain amount of water was being pumped, subtracting 
5 per cent. for slip. Since then I have had occasion to question 
the amount that I gave. In the summer there is a time when we 
use a great deal of water in the town, and I find I am not pumping 
as much water as I seem to in winter. I was wondering whether 
I could get any information as to the ratio between the vacuum 
and the amount of water a pump will deliver. I can shut up the 
gate on the suction and secure 28 in.of vacuum. I can open that 
gate in the middle of the summer, and I can make 26 in. That 
is the amount of vacuum I work against. I was wondering whether 
I could get any information as to the ratio of the amount of water 
pumped to the amount of vacuum. Possibly somebody can tell 
me. For instance, we have one pump which will deliver 160 gal. 
per minute at about 15 in. of vacuum, and I was wondering how 
much that pump would deliver at 26 in. 

Mr. Hayes.§ What is your source of supply? 

Mr. Acnew. Driven wells, 2.5 in. in diameter. 

Mr. Hayes. What is the difference in their depth? 

Mr. Acnew. I don’t know anything about the depth of them. 
It would be the same if we had an open well, if we had 26 in. of 
vacuum. I was wondering how much water these pumps would 
deliver under 26 in. of vacuum. 

Mr. Hayes. I can’t answer the question offhand, but I do 
know of an experience they had over in Somerville, at the New 
England Dressed Meat and Wool Company. They put in 118 
wells some 2 and some 23-in. and with them all on we could not 
get as much water as we did after we cut them down to 89. That 


* Engineer and Superintendent, Pennichuck Water Works, Nashua, N. H. 
+ Superintendent of Water Works, North Scituate, Mass. 

tJournat N. E. W. W. A., Vol. XX, p. 330. 

§ F. H. Hayes Machinery Company. 


| 
Be: 
| 
| 
| 
| ae 
— 
| 
| 
\ 
} 


DISCUSSION. 75 


is to say, we got better vacuum with the 89 than we did with the 
118 from the fact that we were getting air. But to answer Mr. 
Agnew’s question direct, how much water a 23-in. driven well will 
give with 26 in. of vacuum, I cannot. 

Mr. Agnew. I was not asking how much the individual well 
would deliver. We have 40 of those wells, and it stands to reason 
that the pump, no matter in what condition it is, will not deliver 
as much water under 26 in. of vacuum as it will under, say, 10 or 
15 in. I know it will not deliver a drop with the suction gate shut, 
and then I can make but 28 in. Now, there is 2 in. leeway. It 
is sometimes almost terrifying to go into the pumping station 
while the pump is working under those conditions. It is impossible 
to keep bearings tight enough so but what they will bang and 
rattle, and yet, have them loose enough so they will not heat. 

Mr. Hayes. You probably don’t get solid water, but get some 
air. Do you take your calculations from your revolution counter 
against the water you pump? 

Mr. Agnew. I did that once; I don’t do it now. 
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WATER HAMMER. 


TOPICAL DISCUSSION, 
[November 9, 1910.] 


Mr. E. E. Locuripge.* I want to bring up for discussion the 
question of the use of water in direct pressure elevators where 
large amounts are used and paid for under the regular rates. Any 
water which is shut off quickly will develop a water ram, which 
will undoubtedly have some effect on the stability of the pipe. 
I do not believe that most of us realize how enormous a water 
ram can be. We ordinarily think of adding, perhaps, 50 per cent., 
or in some cases 100 per cent., to the pressure which we are work- 
ing under, for the water ram. Recent studies have led me to be- 
lieve that water ram can be considerably greater than that.. This 
is a point to be taken into consideration in determining the thick- 
ness of the larger pipes in our distribution system. 

The use of water elevators I know is allowed in some cities 
and is not allowed in others. It is getting to be an important 
question with us in Springfield, and I would like to get the ideas 
of different superintendents and engineers here on the subject, 
together with the experience which some of the cities have had with 
it, both those who have permitted the use and do not now, and 
those who now permit the use of water elevators and believe that 
it offers a good market for the water. 

Mr. Joun H. Fiynn.{ I think the best way to avoid the water 
hammer is to have such machinery as will not produce water 
hammer. If you let everybody put in elevators as they see fit, 
and run them as they see fit, you must expect to get water hammer. 
Water-works superintendents should not accept a water elevator 
system unless it is free from water hammer or any water troubles, 
and there is no trouble about getting such a system. 

Mr. Wituiam F. Sutuivan.{ I will say that we have a great 
many railroad standpipes in Nashua, and every time a locomotive 

* Chief Engineer, Water Works, Springfield, Mass. 
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takes water we get what we call a great jab on our indicator card; 
and when there are four or five standpipes closed almost simul- 
taneously, we get an extraordinary jab. We are trying to solve 
the difficulty, and have put it up to the railroad that they ought 
to erect tanks into which we could feed water, so that they could 
get these large quantities of water without danger of water hammer. 
The railroad people are around asking us to put in one of those 
large 4 000-gal. tanks in about a minute. I think the water ram 
or water hammer is going to be increased unless they have some 
other system than they have in the present standpipe arrangement. 

With regard to elevators, we find the same trouble which Mr. 
Lochridge finds in Springfield; but we have meters on, and there 
are 4- or 6-in. pipes to them, and the water is taken direct and 
wasted into the sewer, and we get our money for it. 

Mr. Watter H. Ricwarps.* With respect to the elevator 
question and direct connected elevators, it occurs to me that 
possibly the water may be too vaMable to be used in that way, 
particularly where there is a low or a moderate pressure, for with 
such a pressure of course they have to use a great deal of water. 
It seems to me, if the water rates are high enough and you put on 
meters, people would get tired of using the water before long, 
because the water is not applied in an economical manner, and 
its use would be too expensive. 

Mr. Georce Cassetu.¢ I have had a slight experience in 
regard to water ram in Chelsea, and I have been unable to find 
out from anybody whom I have approached what the cause of it 
was. Some months ago, through the interest taken by the in- 
surance men, We put in a special high-service gravity system for 
sprinklers and no other purpose in the manufacturing establish- 
ments in the eastern section of the city, as the pressure we had 
up to this time did not satisfy them. When we had got it installed 
and in operation we found that the pressure at the end of the line 
in the eastern section of the city. on the sprinkler system in a very 
large manufacturing concern was 108 lb. static pressure. A short 
time afterwards I had a telephone message from that company 
stating that the pressure was so great that it had started some 
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+ Superintendent Water Works, Chelsea, Mass. 


| 
; 
; 
Me 
3 
is 


78 WATER HAMMER. 


’ of the sprinkler heads, and they would like to know if we could 
not do something to reduce the pressure. 

A short time ago they rang me up again, and they were very 
much excited. They said that again sprinkler heads had gone be- 
cause the water had jumped from 108 to 130 lb. I told them that 
we had nothing to do with it; that if there was anything to cause 
water ram it must be on their premises. I later talked with the en- 
gineer of this company, who is responsible for the installation of the 
sprinkler system and of the fire system which is connected with it, 
‘and asked him if he had been able to find out what caused the ram. 
He said that he had not. Then I asked him what sort of sprinkler 
heads he had that went off at 130 lb., and he told me the names 
of the different sprinklers. I won’t mention them, because I am 
not here to advertise any sprinkler heads, but I took the matter 
up in regard to the number of pounds pressure that a sprinkler 
head would stand, and I found out that it was so much greater 
than the pressure they had that I made up my mind that the 
sprinkler heads that went off were so antiquated that they had 
better change them; and they have chenged them, and since then 
we haven’t had any trouble. But I haven’t as yet found out what 
caused the water ram. 

Mr. Franx C. Kimsatu.* I would like to ask Mr. Cassell if 
there was a meter on the pipe that ran into that mill, — on the 
fire pipe. : 

Mr. No, sir. 

Mr. Krmsa.u. Possibly if there was a meter on there, — I do 
not know the place, so this is entirely impersonal and only drawn 
out as the result of some experience I have had in other places, — 
the meter might have shown some draft of water about the time 
that this water ram occurred. 

Mr. CassELL. I am going to answer Mr. Kimball’s suggestion 
in the way it was put to me once: ‘‘ Why, you don’t doubt the 
honesty of a manufacturer, do you? ”’ eS 

Mr. Kimsatu. I never did in my life, but I have metered every 
fire service that I have had anything to do with running into a 
mill for the past ten years, and I find that from the income point 
of view it is the best thing to do. 


* Civil Engineer, Boston, Mass. 
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Mr. CassEtu. I should be very glad to install meters, but, 
the moment you begin to talk about that, the first question asked 
is, How much is it going to cost? — and when you tell them, they 
throw up both hands. The consequence is that the powers that 
be seem to decide with the people as against the practical men, 
and consequently we are considered antiquated in not installing 
something which would protect the city, up to the present time. 
But I think if they continue to place the burden upon the water 
departments the water superintendents will have to take some sum- 
mary measures to protect themselves from criticism in the future. 

Mr. Locuripcr. Are there any superintendents or engineers 
present representing systems which have a pressure sufficient to 
operate elevators directly, who have eliminated the use of water 
elevators, and if so, why? I would like to have them tell what 
their experience has been along that line. I believe one of the 
speakers has referred to an indirect system, — that is, where the 
elevator is raised hydraulically, but where the power does not come 
directly from tHe main. If the water is taken from the main, and 
enough taken to operate an elevator, when it is shut off there must 
be some water ram, in any system which could be devised. 

Mr. Kimsatu. In one company I had at one time something 
like thirty or forty hydraulic elevators. The water hammer 
caused by those was such that by a recording gage we could never 
tell within forty or fifty pounds what the normal pressure on our 
pipes was. A large part of that we finally overcame by insisting 
on an adequaté air chamber placed on the pipes to take off part 
of the shock. A little later we got rid of nearly all of these hydraulic 
elevators, simply because the Electric Light and Power Company 
came into the field and wanted the business and we found that we 
could not compete with them at ten cents per thousand gallons; 
so we got rid of all the elevators. We were glad later that we did. 
I think that except at a price fully as great as, if not greater than, 
the ordinary price for water you cannot afford to have elevators 
connected directly with your mains. You cannot tell what is 
happening. You may have a break and you will not know what 
caused it. It may be a mile or two away from an elevator. I 
have an idea that elevators have a good deal to do with breaks 
on mains, when they are directly connected. 
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Mr. Joun J. Krrxpatricx.* Mr. Lochridge is not the only 
one who has had trouble with water hammer. I think we have 
all had some. I want to state a little experience we had. We 
have one building eight stories in height on our main street that we 
furnish with water for elevator purposes direct to their piston 
during the day only, because at night they run a steam plant to 
light the building, and operate their pump from that. They have 
a little well or water gallery that they take the water from. 
Sometimes they are kind enough to close the valve between their 
elevator and our main, and sometimes they are not. We are 
very unfortunate in having the meter so placed that they have 
on one or two occasions blown the top off of it, when they had 
their pump going at 150 or 160 lb. 

But those troubles are trifling compared with the troubles caused 
by the water hammer that we get from the American Street Car 
Sprinkling Company. There is a standpipe with a valve or gate 
that they draw from, within perhaps one thousand feet of where 
I live. I have a pressure gage at my house and sometimes it is 
amazing to watch the fluctuations of pressure. The normal pres- 
sure at my house is about fifty pounds, and I have seen it go at 
chain lightning speed up to one hundred and twenty. I wondered 

-at first what caused it, but after I had run around the corner I 
found that our friends, the street-car sprinkler company, had 
been filling their tanks and pouring in about 3 800 gal. in two 
minutes. 

Mr. Fiynn. Over on Bay State Road there is a block of twenty 
houses. In eighteen of those houses there are elevators, and they 
have been in for twenty-five years, but I have never yet heard of 
a single complaint, either from the people who live on that side 
of the street or from those who live on the opposite side. We 
have only an 8-in. main on the street. It seems to me that if 
eighteen elevators can be put in twenty houses without causing 
any trouble, if other water-works superintendents will look after 
their elevators they will have no trouble. 

Mr. Georce E. Winstow.} It is a good while ago that I was 
the superintendent of our works, and it was a good while ago that 


* Superintendent of Water Works, Holyoke, Mass, 
+ Waltham, Mass. 
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this work of which I am about to speak was done. They started 
putting elevators in Waltham, and I did not like the idea of 
their being operated by the valves which were ordinarily used, 
which would burst our cement pipe in about a week. So I 
recommended putting on a relief valve which would be as large 
as the tap or larger. On most of the elevators that were run with 
a 2-in. pipe, I would have a 2-in. relief valve, and have it set at 
ten pounds above the normal, so if the elevator were shut off 
quickly the pressure would escape through the relief. 

I remember the case of one company which was going to put in 
an elevator, and I wanted to have a relief valve put on as usual, 
-but they said there was no necessity for it as their valve was made 
in a V-shape, so that it will shut off the water gradually, so that 
it was impossible to create a water ram. Theoretically that was 
all right, but I had a relief valve put on nevertheless, and after 
that was put on I had them try it, stopping the elevator as quickly 
as possible. The relief valve opened all right, and the main pipe 
would have opened if it had not been for the relief valve. 

When the Fitchburg Railroad did away with the pumping plant 
which supplied the locomotives with water, I was asked to connect 
up to their standpipes so that they could take water direct from our 
mains. I insisted on supplying them through 4-in. pipe from an 
8-in. main, with a relief valve at least 3-in. in diameter as near 
the shut-off gate as possible. The railroad objected, but after 
waiting a year decided to comply with my conditions, and we 
made the connection. After this plant had been installed I went 
and saw its operation at the time the first locomotive was filled. 
The man shut off the gate at the ordinary rate that the railroad 
man does work of that kind, and the result was that the relief © 
valve opened and ran for thirty seconds before it closed. That 
showed that there was a good deal of force or momentum to that 
water and it took quite a while for it to be overcome. We never 
have had a break in Waltham from the elevators or from the 
standpipes to my knowledge, and I was there for some years. 
The relief valve on the standpipe was set at ten pounds above the 
normal. I can see no other remedy, if you are going to have 
elevators or are going to close any valve suddenly, other than 
a relief valve. 
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Mr. Mercatr. It perhaps is worth while to call attention to 
the remarks of Mr. Flynn as showing the inapplicability of the 
Boston experience to Holyoke and Springfield conditions. It 
is merely indicative of the relative slowness of our motion here. 
If you have gone .up in some of the Boston elevators you, will 
find the explanation immediately. 

Mr. Ricuarps. At Springfield, as I understand, they have 
increased their pressure considerably, perhaps doubled the pres- 
sure, or something like that; but, as I understand, they use the — 
same elevators they had before they increased the pressure, so 
that they are using an elevator pipe larger than is necessary; 
and they have increased the velocity of the water, of course, and 
hence they have increased the water ram. I would suggest that 
possibly that could be cured by closing the gate a little, or perhaps 
making the aperture that the water is supplied through a little 
' smaller. I think very possibly that might remedy the difficulty. 
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THE USE OF WATER EJECTOR FOR TRANSPORTING 
SAND. | 


BY MORRIS KNOWLES, FORMERLY CHIEF ENGINEER, AND JOHN 
M. RICE, ‘FORMERLY DIVISION ENGINEER, BUREAU OF 
FILTRATION, PITTSBURG, PA. 


[Read September 22, 1910.] 


INTRODUCTION. 


This paper is the outgrowth of certain experiments made by the 
Bureau of Filtration of the city of Pittsburg, under the direction 
of the writers, to determine the most economical method of trans- 
porting and washing dirty sand from the filter beds. Similar work 
had been done elsewhere, and the experiments hereinafter recorded 
were designed to supplement the then available information. 

A summary of the data obtained in connection with these experi- 
ments, with reference to the other filtration works in this country, 
is also given, and it is hoped that with this information available 
in convenient shape for discussion, others may be induced to give 
their experiences with similar apparatus, for the benefit of the 
profession and all people interested and to make the history 
complete. 


HISTORICAL. 
London, 1886. 

To Mr. William B. Bryan, chief engineer of the East Water 
Works Company, of London, England, must be given the credit for 
the firgg use of the ejector for transporting sand from filters, about 
1886. The history of his attempts is given in Transactions of the 
American Society of Civil Engineers, Vol. LIII. He mentions one 

‘ experiment in which sand was transported 700 ft. and lifted 12 ft. 
He also describes the method then in use (1903), which was a 
development of the above-mentioned experiments and is described 
as follows: * 


* Trans. Am. Soc. C. E., Vol. LIII, p. 266. 
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“The dirty sand, instead of having to be wheeled a long 
distance out of the beds, as formerly, is merely wheeled into a 
cast-iron hopper, the water is turned on, under pressure, and 
left on until the whole of the dirty sand in the bed has been 
lifted out. It passes into one end of the rotary machine, and 
is also washed in transit. A little hydraulic engine, fed by pure 

- filtered water, turns the arm inside the longitudinal cylinder, 
and the exhaust water flows into the hopper at the opposite end 
from the dirty sand, consequently there is always a current 
of water meeting the sand passing through the washer. The 
dirty sand overflows at one end, and, as the sand gets cleaner, 
it meets the cleaner water. The elevator drops it into a small 
iron receptacle and a 3-in. jet of water throws the clean sand into 
an adjoining bed, the latter operation involving no loss of water 
whatever. 

“Tn the original experiments, an unforeseen difficulty was met 
in connection with the suction pipe. This pipe was made some- 
what coned, with the widest end of the cone dipping into the 
dirty sand, and the flow of water was so smooth that the organic 
matter in the sand formed a slime on the surface to a considerable 
distance, and prevented its efficient operation. Therefore the 
suction pipe was taken off and a straight pipe put in with the 
water entering a T-piece at the bottom, with holes drilled through 
so that it should enter four ways at once and the water jostle itself 
in all directions in passing up the pipe. No trouble has been 
experienced during the last seventeen years.” 


London, 1892. 

In Engineering (London) for 1892, Vol. LIII, p. 621, an apparatus 
for washing sand from filters is described, which is something like 
that commonly used to-day. It was developed by Messrs. Hunter, 
Frazier, and Goodman, and consisted of a series of nine cast-iron 
hoppers 2 ft. 4 in. square and 2 ft. 2 in. high, with an ejector in the 
bottom of the hopper. The hoppers were arranged in series, the 
discharge from the first delivering into the top of the second and 
soon. The nozzles used were # in. and  in., and 3 cu. yd. per hour, 
with 5 000 gal. of water per cubic yard of sand, was given as the 
capacity of the machine. 


Lawrence, 1895 and 1898. 
The city of Lawrence, Mass., used a machine for washing the 
sand from its filter plant, which was the forerunner of the present 
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accepted type of sand ejector. This was suggested to the late 
Mr. A. H. Salisbury, superintendent, by Mr. Allen Hazen, who 
had seen a similar piece of apparatus at Hamburg, Germany. It 
is described as follows: * 

“The bowls of the machine are four in number and are light 
sweepcastings made at a local foundry. The sand drops to the 
bottom of each bowl or hopper and is caught by an inflowing 
horizontal jet and carried across and upward through a 3-in. pipe 
into the next bowl. The fitting at the bottom of the hopper is a 


. standard 3-in. cross, with a plug in the bottom for the purpose of 


cleaning. Into a bushing in the inlet end of the cross is placed a 
1} in. pipe, to the end of which is attached a removable chilled- 
steel nozzle made from a piece of hexagonal rod. The nozzles 
in use have ;;-in. jets, although other sizes have been tried. At 
the outlet of the cross there is screwed a special 3 by 2 in. reducer, 
the small end of which is placed within the cross and is of bell 
shape in order to readily receive the mingled water and sand. 
These special fittings, which wear out continually, are made as 
required at the shop of the water department.” 

“The washer was built and erected early in 1895, and was first 
used on June 17. The cost of the patterns, castings, piping, 
lumber, and labor on the machine was about $150, and that of the 
concrete pavements and drains about $240, while the labor account 
of the department for setting up, etc., was about $150, making 
a total cost of $540.” 

‘“‘TIn an endeavor to find a more economical way of getting the 
sand to these washers than the method then in use (i. e., wheel- 
barrow work), one of the writers experimented with different 
arrangements for transporting the sand, and, in a short time, 
devised the following method, which was adopted. A traveling 
hopper, mounted upon a light frame of piping and placed at will 
wherever dirty sand is dumped, is fed from a 2-in. pipe from the 
main supply. Sand thrown into the hopper is carried by the 
entering water into and through a connecting length of 3-in. pipe 
to the main washer, where it is raised about 5 ft. into the first 
hopper of the machine. The nozzle of the traveling hopper is 
4 in. in diameter. The 3-in. pipe line varies in length from time 
to time, and is made of running lengths of pipe connected in such 
lengths as are necessary for a distance.” 

“This method has been in use since July, 1898, and has never 
failed carrying the sand to the washer from the most distant point 
required, about 200 ft., which is the maximum distance tried up 


to the present time. It appears that the sand has not only been 


* Trans. Am. Soc. C. E., Vol. XLVI, p. 293. 
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washed more thoroughly since using this apparatus, due probably 
to a more complete mixing and scouring in the pipe line, but, also, 
there has been no apparent increase in the amount of water used, 
and, moreover, there has been a material reduction in the cost per 
yard. The ordinary water pressure at the machine, with ‘every- 
thing running, is 63 lb. and at the hopper 56 lb.” _~ 

It will be noted that the jets were horizontal in these washers. 
and ejectors, thus differing from the practice at Hamburg and 


London. 


Poughkeepsie, 1897. 

This method of transportation seems to have been used previ- 
ously (1897) by Mr. Charles E. Fowler, at Poughkeepsie, N. Y., 
who had successfully lifted sand 30 ft. and transported it 630 ft. 
through 4-in. cast-iron pipe.* 


Albany, 1897. 

The filtration works for Albany, N. Y., were designed in 1897-8, 
and provided for a sand-washing machine somewhat similar to 
that then in use at Lawrence, but having vertical jets as at Ham- 
burg and which is described and illustrated in Transactions of 
the American Society of Civil Engineers, Vol. XLIII, p. 272. It 
consisted of five cast-iron hoppers arranged with vertical ejectors. 
The sand passed through each of the hoppers in succession, receiv- 
ing an increment of clean water in each one, and discharging the 
dirty water over a depressed lip in each hopper to a drain. As 
far as the writers know, this is the only use of vertical jets in this 
country. An ejector has been used here since 1900 for trans- 
porting sand from piles to washer with great success. 

Students of sand filtration in considering the various elements of 
cost entering into the operation of filters, have been impressed 
with the advantages which the use of ejectors for carrying the 
dirty sand from filters to the washers offered, and in the discussion 
of this paper, several suggested improvements along this line 
were made, many of which have since been adopted. 


* Trans. Am. Soc. C. E., Vol. LIII, p. 250. 


i 
. 


KNOWLES AND RICE. 87 


Pittsburg, 1900. 

Along the same line, we find that in the designs for the Pitts- 
burg Filtration Works of 1899-1901, by Mr. Allen Hazen, pro- 
vision was made for the use of movable ejector hoppers in the 
filters and a system of pressure piping, hose and discharge piping, 
for the purpose of discharging to washers and from these into ele- 
vated wooden bins, from which it would be withdrawn to resand 
the filters. 

This system was described and illustrated in Engineering News, 
February 13, 1902. 


Philadelphia, 1901. 

The Philadelphia Filtration Works were also designed about this 
time, and they provided for transportation of the dirty sand by 
ejector hoppers. 

Some experiments were made to determine the best proportions 
of the apparatus, and the installation was designed on the basis of 
the results obtained. The results of these experiments were pub- — 
lished in Transactions of the American Society of Civil Engineers, 
Vol. LVII, p. 386, and the first apparatus used is described in 
Engineering Record, Vol. XLVIII, p. 426, for October 10, 1903. 
Two cuts in this article show the portable ejector and washer 
designed for the Belmont filters. This washer was stated to have 
a capacity of 6.7 cu. yd. of sand per hour and to use 1,610 gal. per 
cu. yd. of sand, at a pressure of 60 lb. per square inch. Some ex- 
periments also were made at the Spring Garden Testing Station 
with an ejector for carrying washed sand back to the filter, but 
this was found to be unsatisfactory for various reasons and was 
abandoned. 


Washington, 1902. 
The success which had been attained by the use of this method 

of transportation induced the designers. of the Washington filter 

plant to give it careful consideration and to experiment with 

various combinations, in an endeavor to find the most efficient 

apparatus. 

These experiments are described and illustrated in the Trans- 
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actions of the American Society of Civil Engineers, Vol. LVII, p. 
340, and the sand-carrying system was based upon their results. 
The ejector and washer used are shown upon pages 337 and 339 
of that article. A 3-in. line of hose about 100 ft. long carries the 
discharge from movable ejectors to a 4-in. wrought-iron line along 
the walls of the filter and thus to the sand washers in the court. 
A similar method was also adopted at the Milford, Mass., New 
Haven, Conn., Providence, R. I., Peading, Pa., and Pittsburg, Pa., 
filters (1901) and also at a number of the smaller plants throughout 
the country. : 

It was found to have a distinct advantage, in that the sand was 
cleaned during its passage through the pipe and thus the number of 
hoppers required at the washing machine was diminished, with a 
consequent saving of wash water. Thus at Washington two hop- 
pers were used at the machine, while at Pittsburg only one was 
required. At Pittsburg and New Haven, the washer ejector also 
serves to carry the sand back to a filter which is being resanded. 
A similar but modified form has recently been used at Washington, 
providing also for distributing the sand in water on the filter sur- 


face. 


Pittsburg Experiments, 1905-6. 

In the design of the sand-handling system for the first 46 
filters for Pittsburg, the results of the Philadelphia experiments 
were available, and it was planned to make some additional ones 
along the same lines. These were carried out in the winter of 
1905-6, and are summarized in Table 1. The ?-in. nozzle with 
13-in. throat 8 in. long gave the best results for 3-in. pipe 350 ft. 
long, and the {-in. nozzle with 13-in. throat 12-in. long gave best 
results with the 4-in. pipe 600 ft. long. On the basis of the 
above, the throats for the plant were ordered, as shown in Fig. 2, 
marked “8.” Some tests were also made with hose, both laying 
outin lines and wrapped about a reel about 6 ft.'in diameter. It 
was found that for the ordinary lengths used in filters, the increase 
of friction was not material. 

When the results of the Washington experiments were published 
and the good effects of enlarging the throat in a Venturi fashion 
were realized, a further series of tests were decided upon. At 
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this time, the use of rifled pipe for conveying oil was brought to 
our attention and the lessened frictional resistances encountered 
in this work seemed promising for mingled sand and water. 


TABLE 1. 
oF Sanp Eyector EXPERIMENTS. 
-'1905-6. 

A.— 3-in. hose and 3-in. pipe. 


PRESSURES.) 
46 / Az! 2/14/58 
In. | In. | In In. 
9| 2] 12 | 15 | 1% | 100) 23| 9.0} 940)17.7 
30 ft. of hose. 
16.5 do 
17.8 
17.8 


15|;, | 12 | | 100) 23 | 10.29) 1 030) 16.4 do 
16|;, | | 10 | | 100) 23 |10.29 17.7 do 

18 ” ” 6 

19} 55 5 

24 ” ” 5 

20 ” ” 4 

3 

22 ” ” 2 

1 


261, | | 9» | | 100] 28} 6.80) 1390) 12.7 do 
27| | | a | 400! 27 | 6.20) 1520) 11.7 do 
23/71 | | yoo! 27 | 6.13) 15401 11.6 do 
29/7 | | 10 | | 100! 25 | 5.71] 17701 102 do 
3013, | 8 | | 100] 25 | 5.85| 1 630] 10.9 do 
40| | 14 | ” | 21| 4.13/1890| 9.6 do 
30} | | 80] 23 | 4.921 1 680] 10.7 do 
33/7 | | gol 26} 5.63] 1 12.0) do 
36/71 | 27 | 7.201 1 300) 13.4 do 
41} | | | 27 | 16.66! 1 500) 11.9 do 
371, | | | 2 | 490) 27] 7.12] 13901 12.7 do 
31| | | 10 | | 100\ 31 | 6.4211 720 10.5 do 
3214, | » | » | | 100 30| 5.00/2160| 8.5 do 
33/7) | | | 35} 5.07'30801 6.1 do 
| 13 | 33 | | 100! 30 6.31 1700} 10.6 do 
3513.1 | 11201 35 | 6.00118301 9.3 do 
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TABLE 1.— Continued. 
Resvuits oF Sanp EvsEcToR EXPERIMENTS. 
1905-6. 
B.— 3 in. hose and 4-in. pipe. 


PRESSURES. 

ae | 8 | az) 2/48) | 

| In.| In. | In. | In : 
42; 11]. 13 23 13 97| 30 | 10.90) 1 510) 11.8 oe ft. of pipe plus 

30 ft. 

43 | ,, | » | 9 | 9 | 97] 30 | 11.80} 1 470) 12 do 
44 |; 10 | |, | 95) 27 | 14.68) 1 150) 14.9 do 
| » | o» | o | 95} 27 | 14.10] 1 200) 14.2 do 
46|,, , | 12] ,,. | 95] 25 | 9.00) 1770] 10.2 do 
47| | 5 | | 95] 27 | 8.88) 1 550) 11.5 do 
48| ,, | 10 | ,, | 100] 27 | 11.24] 1 16.8 do 
9 | ,, | 100) 25 | 12.00} 980) 17.1 do 
50 | ,, 8 100! 25 | 13.33) 870) 18.8 do 
7 | ,, | 100) 25 | 12.40) 750) 222 do 
52} 5,1, | 6 | ,, | 100] 25 | 11.42) 1010) 16.7 do 
100} 25 | 11.62) 990) 17.0 do 
54/5, 1, | 5 | | 100) 25| 9.10) 1280) 13.6 do 
4 | ,, | 100) 25 | 11.62) 1170) 14.8 do 
56 | | 15 | | 100] 25 | 12.83} 980} 17.1 do 
13 100} 25 | 14.70) 980) 17.1 do 
58 | ,, | | 11 ,, | 100} 25 | 14.80} 1 000) 16.8 do 
9 | ,, | 100) 25 | 11.42) 1020) 16.5 do 
15 90} 25 | 11.06) 1 500} 11.9 do 
61/,, | 138 | 4, | 90} 25 | 10.28) 1 636) 11.0 do 
62/,, | , | 11 | ,, | 90} 25 | 10.91) 1 540) 11.6 do 
9 |-,, | 9.47|1740/ 10.4 do 


Therefore arrangements for making tests were made, the necessary 
apparatus secured, and a site, Brilliant Pumping Station, was 
selected, because of the water and sand being readily available. It 
is this set of experiments that this paper will present in detail. 


Pittsburg Experiments, 1907-8. 

The equipment consisted of the following apparatus arranged as. 
shown on Fig. 1 and Plate I. 

First. A standard cast-iron hopper and bottom used in sand 
washers at the filtration works. This is made in the: form of a 
frustum of a pyramid; it is 5 ft. square on top and terminates in a 
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PLATE 1. 

N. E. W. W. ASSOCIATION, 
MARCH, 1911. 
KNOWLES AND RICE ON 
SAND EJECTORS. 


VIEWS OF EXPERIMENTAL SAND EJECTOR, AT BRILLIANT 
PuMPING STATION. 
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12-in. diameter opening, having a flange for attaching the bottom 
piece. The bottom piece has openings for the nozzle and throat 
pieces, an opening for a water jet, and a hand hole for adjusting 
the nozzle and throat. 

Second. A set of 4 nozzles, having openings varying from 3 in. 
to 1 in. These were made of brass. 

Third. A set of 18 throats having various dimensions, as shown 
in Fig. 2; all made of tool steel. 

Fourth. A measuring box of wood, carried by the hopper walls 
and provided with a slide in the bottom to drop the contents into 
the hopper. This box, when leveled off flush with the top, con- 
tained 1 cu. yd. 

Fifth. A short piece of 3}-in. internal diameter, flexible hose, 
provided with couplings on each end to connect with the pipe. 

Sixth. Approximately 400 ft. each of 3-in. plain, 3-in. rifled, 
4-in. plain, and 4-in. rifled pipe, as shown in Fig. 1. The rifled 
pipe was secured through the courtesy of Mr. Taylor Alderdice, 
vice-president of the National Tube Company, and Mr. J. B. 
Isaacs, consulting engineer, Union Pacific System, Southern 
Pacific Company, who is the patentee of the rifled pipe. 

' Seventh. Various gages for reading pressures and glass cylinders 
to observe transportation effect of mixed water and sand in pipe. 

The water was supplied to the hopper from a 3-in. cast-iron pipe, 
connected directly to the force main from the station, and, after 
passing through a meter, its pressure was controlled by a 3-in. 
valve. 

Sand was secured from a bin alongside the hopper and the ejected 
sand was returned to this bin, as shown. The water was drained 
off through the bottom and sides of the bin. 

The pressure on the nozzle could be varied from 60 to 120 lb. 
by manipulating the 3-in. valve, and the pressures or heads at 
various points were determined by pressure gages, all carefully 
calibrated. 

The effective size of sand was 0.24 mm., having a uniformity 
coefficient of 2.12. 

The Venturi throats were made in three slopes, —1 to 11, 
1 to 8, and 1 to 4.6, designated as Nos. 1, 2, and 3, respectively; 
with various internal diameters, varying by § in. from 1} in. 
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to 12 in. For the 13-in. diameter, No. 4 is identical with No. 3, 
except that the length of the reduced sections is shortened 23 in., 
which difference slightly increases the efficiency. ; 

The wooden box was filled with sand leveled off and then, 
when the jet had been adjusted to give the desired pressure, a 
slide in the bottom of the box permitted the sand to be dropped 
into the hopper. 

During the early experiments, no attempt was made to break 
up the arching of the sand which was always more or less trouble- 
some and which gives results below the average to about the first 
two hundred experiments. About three hundred experiments, in- 
cluding the above two hundred, were run, using the lower spray, 
and regulating it so that the level of water remained constant in 
the hopper and about 15 in. below its top before any sand was 
dropped; this is designated as ‘‘ Method A.” Tests were then 
made without any spray whatever after the sand was started, one 
hundred gallons being estimated in each case for the fall of water 
in the hopper; this is designated as ‘“‘ Method B.” The five 
hundred runs using this method form the bulk of the data from 
which conclusions can be drawn, but are all subject to some little 
uncertainty as to the exact amount of water used. After selecting 
the most efficient combination of apparatus a third method was 
used, viz., an open spray introduced from above was tried and still 
better results were obtained thereby; this is designated as 
“Method C.” 

Of these, 81 tests were run in order to obtain the frictional loss 
with water alone flowing in 3-in. and 4-in. pipe at various velocities; 
also, the relative efficiency of the Venturi-shaped throat and the 
throat of straight bore, under maximum efficiency conditions, 
as determined by previous experiments; and various comparisons 
of nozzle pressure and face-to-face distances, in order to complete 
certain curves for which data were lacking. The check runs were 
made, following the second method described above, except that 
the exact quantity of water used from the hopper was determined 
from measurements of height at the start and finish of the flow of 
sand. Since the early tests had shown that the hopper screen 
(needed in case of stones being in the sand, only), caused decided 
interference in the flow of sand, by aiding the arching; no screen 
was used during the later runs. 
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For the purpose of comparison, parallel sets of experiments were 
made on both plain and rifled pipe of 3-in. and 4-in. diameter. 
The plain pipe was of lap-welded steel in 20-ft. lengths, with cast-iron 
flanges and butt joints. The rifled pipe was made by the National 
Tube Company at McKeesport and was similar in design to the 
rifled pipe used in the transportation of crude oil in California.* 
The rolls indented the pipe ;5 in. and were at a pitch of 1.5 
with the axis, making one complete turn in a distance of about 


Cu. Yds of Sand per Hour 


3 
q 
= 
g 


THROATS 

Bi Y 3 
3° Pipe, Woxzle 14 fof Lower Spray 
Fie. 3. 

THROAT EFFICIENCY CURVE. (SEE NOTE ON Fie. 5.) 


4 ft., and 5 ft. in the 3-in. and 4-in. pipes, respectively. It was 
thought that, by thus giving the mixture of sand and water a 
rotating movement, the sand would be better held in suspension, 
and trouble from stoppages, at low velocities, consequently dimin- 
ished. As a matter of fact, however, the effect of the rifling was 
hardly noticeable, the full-bore glass cylinders, provided for 
observing the flow in the discharge line, indicating no perceptible 
whirl of the mixtures, even at velocities as high as 14 ft. per sec. 
* See Engineering News, Vol. LV, p. 640. 
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On account of the variable results which showed sometimes in 
favor of one, sometimes the other, both have been plotted and the 
mean values used in obtaining the average efficiency curves, ex- 
cept that for the friction diagrams the average curves have been 
drawn separately, and here slightly greater frictional loss is shown 
in the rifled pipe both for water alone flowing and for the various. 
mixtures of sand and water. Considering the fluctuations of re- 
sults this difference is too small to warrant a claim of material 
advantage for either the rifled or the plain pipe. Nine hundred 
and ninety-four runs were made in the period from November 21, 
1907, to March 14, 1908, and about 10 per cent. of these have 
been eliminated on account of exceptionally high or low efficiencies 
which could not*be duplicated. The remainder have been com- 
puted, tabulated, and the results are summarized in the following 
diagrams. 

The results of typical tests on 3-in. pipe are given on Figs. 3 and 
4, and show that the maximum efficiency is given by a ?-in. 
nozzle, B-1 throat, 1}4-in. diameter, batter = 1 to 11, distance 
f. to f. = 12 in., nozzle pressure 100 lb. With this combination, 
an average of six runs gives a rate of 19 cu. yd. of sand transported 
per hour, using water at the rate of 600 gal. per cu. yd. By sub- 
stituting C-1 throat, diameter = 12 in., approximately the same 
result is obtained, but with D-1 throat, 14-in. diameter, slightly less 
sand is carried per hour; showing that the efficiency is not dimin- 
ished by wear, until the 1}-in. throat is somewhat larger than 12 in. 

For the 4-in. pipe, the typical results are given on Fig. 5, which 
shows the maximum efficiency is given by using a {-in. nozzle, 
D-1 throat, 14 in. diameter, batter = 1 to 11, distance f. to f. = 
2-in., nozzle pressure 100 Ib. With this combination, an average 
of four runs gives a rate of 31.4 cu. yd. of sand transported per 
hour, using water at rate of 460 gal per cu. yd. Throat E-1, 
13 in. diameter, gives approximately the same results, show- 
ing that the efficiency is not diminished by wear until the diameter 
of throat is somewhat larger than 13 in. It is readily seen that 
the efficiency of the 4-in. pipe is relatively greater than the 3-in. 
pipe. 

The enlargement of the throats by wear is quite marked, the 
maximum being an increase in diameter of } in. for the 150 cu. yd. 
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of sand ejected, or 0.0017 in. for each cubic yard. It is evident 
that an attempt should be made to secure a more economical 
material or form for throats. 

The economical distance from face of nozzle to face of the 
throats is in all cases 13 in. for 3-in. pipe and }-in. nozzle, and 2 in. 
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for 4-in. pipe and j-in. nozzle, and it is essential that the faces be 
centered with each other, that is, at equal distances from center 
line of hopper. One hundred pounds pressure at the nozzles 
is indicated as being the most economical; above this pressure 
the relative increase in efficiency is small, for the 3-in. pipe being 
almost a horizontal line after passing this point. Both of these 
statements are evident from the complete tables and diagrams, 
which have been placed on file in the Library of the Association. 
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The straight throats, S-! and S-2, were similar to those experi- 
mented with in 1905-6, and the maximum results were obtained 
with 100-lb. nozzle pressure, 750 gal. per cu. yd. and 14.4 cu. yd. 
per hour, or about 25 per cent. less efficient than the battered 
throat. These latter results, however, seem to exhibit greater 
efficiency than the earlier experiments. 

The friction curves plotted on Figs. 6 to 9 show the drop in 
pressure per 100 ft. of pipe, for various percentages of sand and 
water and for water alone flowing. Since the curves were plotted 
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from the drop in the total discharge line, without considering the 
rise of 0.55 ft. for the first 200 ft. and the equal fall for the return 
200 ft. to the sand bin, they represent the values for horizontal 
pipe. For the 3-in. pipe and flow at 19 ft. per sec., the loss for a 
half per cent. upgrade is 14 per cent. greater and for a half per 
cent. downgrade is 14 per cent. less. The average loss of head at 
the 3-in., 180-degree hose bend, about 8 ft. long, is for 3-in. pipe 


& 


4 
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orop th Pressure 


Fie. 9. 


about 1 lb. and for 4-in. pipe about 23 lb., which shows the marked 
effect of the sudden contraction of section and increased velocity 
in the 3-in. hose when connecting 4-in. pipe. 

The temperature observations upon the sand and water indicate 
a very slight advantage for the sand at the higher temperature, but 
the lessened efficiency is not well marked until the temperature 
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TABLE No. 2. 
Resvutts or Sanp Esector EXPERIMENTS IN 1907-8. 


DiscHARGE 
Line. 


TIME. PRESSURE. 


No. of Experi- 
ments. 
Dia. of Nozzle. 
Dist. F. of Nozzle 
to F. of Throat. 
Designation. 
Gallons of Water. 
Gallons of Mixture 
per Minute. 
Per Cent. of Sand. 
Sand in Cu. Yd. 
Mean Veloce. 
Ft. per Sec. 
Drop in Pres. 
per 100 Ft. 


Throat 


to 


ore Wr 


S 


COUN 


NE AR 


PADD HNO NANNS SO OOM OOOO SOO 


ooo 


3 
24 
x 424 | 
87 | 424 
90 
92 me 
80 | 494 | 
1 | 424 
181 | 424 
182 | 494 
184) - 
290 424 | 
424 
Ee 222 424 
219 409 | 
os 223 | 409 
342 | 409 
343 
409 
345 
442 409 
443 409 
a 409 
444 | 409 
457 
409 
Re 459 409) 
516 1 | 
612 
613 | 424 
1 424 
62 424 
622 424 
671 424 
672 424 
og 673 424 
674 424 
788 424 
424 
Hs 424 
424 
820 424 
4 821 424 
$32 424 
424 
836 424 
424 
4 838 424 
839 424 
840 
A 842 
& 843 424 
424 
844 424 
845 24 
846 404 
847 
848 24 
849 4 
a 850 424 
424 
851 424 
24 852 424 
889 424 
890 
=. 424 
891 
893 
895 | 


TABLE No. 2.— Continued. 


23 3 5 af 
iam | ok | pis. | £4 
gS | | Size. /Length.|Min.| Sec. | Sy | Nos. | 
In. In. 
896 1 B.1 3 424 4 42} 490/C 168} 25.5 110) 25/ 12.8) 7.3) 5.9 
897 1 B.1 3 424 58} 520) C 167| 24.6 110 12.5) 7.3) 6.1 
898 1 B.1 3 424 4 55} 520) A 147| 28.0 110 25) 12.2) 6.4) 5.9 
899 1 B.1 3 424 4 55} 520) A 147| 28.0 110 25) 12.2; 6.4) 5.9 
900 1 B.1 3 424 4 50} 500) B 145} 28.8 110 12.4) 6.3) 5.9 
901 1 B.1 3 424 5 12} 550'B 145} 26.9 110 25) 11.5) 6.3) 5.9 
903 1 3 424 3 58; 410; C 179} 28.4 120) 26/ 15.1) 7.8) 6.1 
904 1 B.1 3 424 4 06) 440) A 157| 31.5 120 25) 14.6) 6.8) 5.9 
905 1 B.1 3 424 4 13| 470;A 159} 30.1 120 26/ 14.2) 6.9) 6.1 
906 1 B.1 3 424 3 55| 420)'B 159} 32.5 120 25| 15.3) 6.9) 5.9 
907 1 B.1 3 424 4 28). 480/B 153} 29.6 120 13.4; 6.7) 6.1 
909 1 B.1 3 424 16 00; 1010) C 82; 15.4 25 20} 3.8) 3.6) 4.7 
911 1 B.1 3 424 4 02) 510/B 177| 28.4 100) 25; 14.9) 7.7) 5.9 
912 1 B.1 3 424 4 20; 510|/B 164) 28.4 110 25) 13.9) 7.1) 5.9 
913 1 B.1 3 424 4 10| 480)/B 164| 29.6 120 26| 14.4) 7.1) 6.1 
ExpiaNaTory Notes To AccoMPpANY TABLE 2. 
Length of Discharge Line. ‘ 


The length of discharge lines used for all computations was found by deducting from the total length of 
lines; first, length of } bend, connecting line to hopper (7 ft.); second, length of hose connecting bend and line 
(6 ft.). Hence, for 3-in. Plain Pipe, L = 437 ft. — (7 +6) = 424 ft. 

Description of Methods. 

A. The hopper was filled with water by the lower spray up to a convenient level, usually about 15 in. 
below the top of the hopper. Then the valve on the supply line was opened to the required nozzle pressure 
and at the same time the discharge of the lower spray was so adjusted as to keep the water in the hopper at its 
initial level; the flow of sand into the hopper was then started. At first this causes the water to rise; subse- 
quently, as the sand was being drawn off, it began to drop. During this flow of sand from the hopper, the spray 
was shut off at such a time as to have the water at its initial level at the moment the last sand leaves the 
hopper. In practice, the approximate time for shutting off the spray was found to be the instant all of the one 
cubic yard of sand had left the feeding box. 

The time required to discharge this cubic yard of sand into the hopper varied to quite a considerable extent, 
owing to two factors; first, the ability of the two men pushing the sand from the feeding box by means of 
flat sticks; second, the capacity of the different combinations of nozzles and throats to carry off the sand, as. 
supplied. Using the §-in. nozzle, for instance, the sand was drawn off so slowly as to form a cone in the hopper, 
the apex of which shut off the feed opening completely for a time. 

This difficulty of closely approximating the theoretical time for shutting off the spray is the cause of some 
error in the quantities of water used per cubic yard of sand, affecting all experiments run according to this 
method to a greater or less degree. For, when the final level is above the initial one, less water is used than 
gaged, more than gaged being used when the water closes below the initial level. 

B. Same as method A, except that spraying water is introduced from above. 

C. The hopper is completely filled by means of the spray, and the spray then shut off. Then the supply 
valve is opened to the required pressure, whereupon the water in the hopper begins to drop. As soon as it 
reaches a level of about 9 in. below the top of the hopper, the flow of sand is started into the hopper, causing 
the water to rise at first. As the sand is being drawn off faster than supplied, and more so after all the sand has 
entered the hopper, the water level drops and closes at from 12 in. to 28 in. below top of hopper. To determine 
the quantity of water used per cu. yd. of sand, 100 gal. is added to the amount gaged, as an allowance fcr the 
variable amount of water drawn from hopper. 

For experiments Nos. 914-994, the initial and final levels are measured, and from these the corresponding 
quantities of water are computed. 

Gallons of Mixture per Minute. 

The sum of the water per cu. yd. in gallons, plus 1 cu. yd. of sand, reduced to gallons, = (202 gal.); di- 
vided by the time per cu. yd. of sand carried and expressed in minutes. 
Per Cent. of Sand. 

One cubic yard of sand in gallons = (202), divided by the sum of, 1 cu. yd. of sand in gallons (202) plus 
the amount of water in gallons used per cu. yd. of sand. 

Nozzle Pressure. é 

This was read by a 4-in. pressure gage, placed on 3-in. supply line between valve and hopper. Care was 
taken to keep the pressure steady during the flow of sand, adjustments being necessary, especially when turning 
on and shutting off sprays, etc. 

These explanatory notes are for the complete table, of which the above figures simply refer to nozzles 
B.1 and D.1, the complete table being on file in the library of the Association. 
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drops below the freezing point, when the decrease is caused by the 
lumping of the sand. 

Table 2 gives the details of the experiments with the combina- 
tions giving maximum results, being for throats B.1 and D.1.* 

The results given above, together with the other published data, 
give an idea of the probable performance of ejectors under similar 
conditions which are close to the ideal. Such results cannot be 
hoped for in practice, but careful designing and operation will 
certainly prove economical in most cases on account of the lessened 
amount of water used. 

Figures compiled from representative filter plants in 1908 are 
given in Table 3. 

The portable ejectors and washers, designed for the Pittsburg 
works, are shown on Fig. 10, which also shows the design adopted 
for the washers for the last 10 filters constructed and shows how 
the results of the experiments were applied to the actual design. 
These washers have not been put in operation at this writing 
and the opportunity of comparing the actual results with ex- 
perimental ones has not been given us. It will be noted that 
irrigators or jets, for breaking up the sand, are used in all designs; 
but these experiments lead us to conclude that while some form 
of spray is desirable to break up the arching of the sand, in the 
ejector this can preferably be introduced from the top. Further- 
more, that the irrigator in the bottom is best for washers only, 
as the flow of water can thus be adjusted to displace the dirty 
water carrying the incoming sand and cause the dirty water to 
flow away over the top of the hopper. 


CONCLUSIONS. 


For any given installation there are a number of variables to 
consider, each of which has an effect, of greater or less moment, on 
the results. A typical design will call for, — 

First. Determination of size of sand. The transporting power 
of the water depends upon the size of the particles, and the results 
given above would not apply to sand of greatly different effective 
size. 


* Complete tables and diagrams of al! results showing various other combinations have been 
placed on file in the Library of the Association, where persons interested may refer to them. 
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Second. Determination of quantity to be handled per hour. 
This is governed by the number of men which it is convenient to 
use per ejector, in the case of hand scraping of filters, and may be 
taken as 10 cu. yd. per hour with three to four men. In the case 
of machine scraping, much greater quantities are possible, due to. 
uniform feeding and larger ejectors. 

Third. Determination of length of transportation. This is a 
very important feature and is one upon which experimental data 
are lacking. From the above results, however, friction losses may 
be obtained and thus the necessary pressure at head of the dis- 
charge main. 

Fourth. Determination of available pressure at nozzle. The 
higher pressures give better results, but 100 Ib. to 110 Ib. per sq. 
in. may be taken as the limit, except in special cases where 
higher pressure is readily available. 

With these data it will be possible to determine the size of nozzle 
and pipe and length of pipe possible, after determining upon the 
velocity required to transport the given material. The size of 
throat can also be approximated and easily determined after a 
few tests. For conditions similar to those obtaining during the 
experiments the selection of sizes is a comparatively easy matter, 
but where there are any considerable variations from these con- 
ditions, further experimental work may be necessary. 

Fifth. These experiments and our studies show further that 
rifled pipe has no advantage over ordinary commercial pipe. 

Sizth. That reasonable hose lengths not exceeding 200 ft. are 
no serious determent, if of smooth bore, lined with good rubber and 
without serious interruptions to flow due to irregularities at the 
couplings. 

Seventh. The most efficient nozzle and throat combinations are 
2 in. with 1} in. and } in. with 1} in. 

Eighth. That, with these sizes and pressures of about 100 lb., 
the minimum velocity was about 5 ft. per.sec. and this carried the 
sand without any tendency to deposit in the pipes. 

Ninth. That, at this velocity, the loss of head is about 50 ft. 
per 1,000 ft. in length of pipe, which of course increases with the 
velocity, as shown on the diagrams. 

In conclusion, it may be well to state that the scope of the experi- 
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ments was limited to the particular sizes given, on account of the 
necessity of adapting the throats and nozzles to the then existing 
hoppers and pipe connections. 


DISCUSSION. 


CuesTER F. Drake, Esqe.* At Pittsburg portable ejectors are 
being used for the removal of the dirty sand from the filters to 
the washers in the galleries. Thence the sand is again ejected 
through the piping system to restoring machines placed in filters 
of low sand. 

Believing that the practical features ‘concerning durability 
and efficiency of the materials used will be of interest, we shall 
first state our experience along those lines. 

The portable ejectors were made by E. M. Nichols, of Phila- 
delphia. They consist of a cast-iron bowl surmounted by a sheet- 
iron petticoat. 

The ejector nozzle is of hardened tool steel. The actual wearing 
part is 1} in. long, 1} in. outside diameter and ? in. bore. 

The ejector throat is of chilled cast iron. It is about 7 in. long 
over all. The inner portion is a Venturi tube with the smallest 
diameter, 13 in. In a distance of 5 in. the diameter increases 
from 13 in. to 2} in. The bore of the throat is not finished, as 
such work is done by the sand passing through. 

As stated by the author, we also found that a screen promoted 
arching and greatly decreased the quantity of sand handled. 
‘The laborers also found that. the use of screens decreased their 
work, but a spray increased the output of sand very much. 

The hose used for conveying the sand was 3-in. rubber hose; it 
was heavy and practically non-collapsible. The inner rubber 
tube has never yet shown signs of wear, in spite of the fact that. 
the brass couplings and expansion rings wear rapidly. 

The Pittsburg plant has a considerable amount of sand piping, 
of 3-in. and 4-in. wrought-iron pipe, with the outside coated by 
immersion in pipe dip. Dire disaster has been predicted for this 
pipe by several engineers of standing, but the pipes have been in 
use since December, 1907, having transported approximately 


* Superintendent Pittsburg Filtration Works. 
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100 000 cu. yd. of sand to various parts of the plant, and we have 
yet to find one length of straight pipe which has shown appreci- 
able wear, the only appearance of any wear being along the lower 
third of the inside surface. It is true that there has been some wear 
on the curve pipes near the sand washers in the galleries. In 
some instances we have substituted short lengths of hose for the 
curved pipes, with success, thus increasing the life of the equip- 
ment and decreasing the maintenance cost. 

The sand lines carrying the sand from gallery to gallery are 4-in. 
wrought-iron pipe. The total length between galleries is approxi- 
mately 565 ft. We have not experienced any more trouble in 
transporting sand through the long 4-in. line than we have experi- 
enced with the shorter 3-in. lines. 

The nozzles of the sand washers are of brass. They are 3} in. 
long over all. The bore tapers from 23 in. diameter to ? in. 
diameter. Originally we brought the taper down to the front of 
the nozzle. This caused a fluting on the front face of the nozzle, 
producing a back lash which cut down the output of the hopper. 
It was therefore determined to run a j-in. bore for } in. along the 
axis of the nozzle, after which the taper is carried out as in the 
previous nozzles. This has resulted in a considerably increased 
life of the nozzle as well as decreased clogging of the washers. 

The water for sand washing, transporting, and restoring is 
obtained from two 5-million and one 3-million gallon D’Auria 
pumps which furnish wash water under 100-lb. pressure. 

The dirty sand at Pittsburg is ejected, washed, transported to 
another bed, placed, and leveled, in one continuous process, with- 
out stops. Deducting all time for moving, placing, and removing 
hose and portable ejectors, the ejector handles 9.2 cu. yd. of sand 
per hour. Taking into account all time of moving, placing, and 
removing hose and portable ejectors, as well as the transfer of 
machines for restoring the sand, there are handled 6.9 cu. yd. 
of sand per ejector hour. During the first seven months of this 
year, we have ejected, washed, transported, and replaced approxi- 
mately 40 000 cu. yd. of sand. In this work, we have used approxi- 
mately 420 million gallons of settled water. It is estimated that 
this water costs $11.41 per million gallons pumped. This cost 
is divided as follows: 
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It is evident, then, that the water for sand ejecting, washing, 
transporting, and restoring cost approximately $4 800.00, or 12 
cents per cu. yd. of sand handled. 

Concerning the amount of water used, we have found it advis- 
able to run the water in the washers during the half hour of dinner. 
If we were drawing from a standpipe, we would undoubtedly not 
follow this custom. The starting and stopping of pumps takes 
some time, requiring the attendance of men at the washers. We 
found that the labor charge attending the stopping and starting 
overbalanced the cost of wash water in running straight through 
the day. We realize, however, the possibility of reducing the 
wash water about five per cent. by discontinuing this arrangement. 

A series of analyses of wash water has been made to determine 
the bacterial content and turbidity of wash water after successive 
passages through washers. In the examination of the figures 
given. below, it should be remembered that the sand is frequently 
passed through a washer in order to gain extra impetus in the 
transportation, rather than to receive a real washing. With this 
idea firmly in view, we offer the following: 


16, 1910. 


Wasuinc No. 1. | Wasuine No. 2.| Wasnine No. 3.| Wasuine No. 4. | At Restorer. 


Bact. Tur. Bact. Tur. Bact. Tur. Bact. Tur. Bact. | Tur. 


90 000 | 18 800 | 23 000 | 3 200 14 00 | 2 00 19000 1 200 15 000 | 430 


It is evident that the bacterial content of the settled water 
was approximately 15000, and that two washings brought the 
bacterial content to normal. 


May 3, 1910. 


Wasuine No. 3. Wasuine No. 7. 


Wasuine No. 2. 


Wasuine No. 1. 


Bact. Tur. Bact. 


500 000 | 28700 | 150000 3200 | 45.00 800 19.000 | 100 
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May 10, 1910. 


Wasuine No. 1. Wasaine No. 2. | Wasuine No. 3. Ar REsToRER. 


Tur. Bact. Tur. 


Bact. Tur. Bact. | Tur. | Bact. 


720000 | 31500 | 230000 | 4000 65,000 | 1100 | 25000} 9800 


We have made studies of the cleanliness of the washed sand 
restored to the beds. We find that 100 grams of sand shaken in 
one liter of distilled water produces a silica turbidity lying gener- 
ally between 25 and 65 parts per million. Recent specifications 
for sand in new filters at Pittsburg allow a limiting turbidity of 
200 parts per million under the same conditions. 

Mr. M. F. Coxuins.* What was said in both the papers re- 

garding the washing of sand is very interesting to me. Of course 
when we make a comparison with the old Lawrence filter, we 
cannot have the same figures that are obtained at covered filters. 
On our open filter the sand must be transported from the beds 
to the roadway; it is then forced by the ejector to the washing 
machines, which are at an elevation of about 14 ft. After being 
washed, the sand is returned to the filter beds in wheelbarrows, 
which is a slow and costly method. 
At our covered filter we have kept careful notes on the cost of 
operation. In scraping the sand from the bed we put the ejector 
in the middle of the filter and transport the sand to the storage 
bin. This operation costs us about 29 cents a cubic yard. There 
are times in the summer when we can wash and return the sand 
for the same price, but this cannot always be done, since we only 
spread the sand on the filter once a year; consequently we have to 
store it. 

On the open filter it is pretty hard to make any comparisons 
at all, because the boys are continually throwing stones on to the 
beds, so that we have to have a screen on the ejector to remove the 
stones during the operation of sand washing. But in the covered 
filter we get very good results, and on the level ground we have 
washed in a single day 48 cu. yd. of sand. Mr. Knowles speaks of 


* Superintendent Water Works, Lawrence, Mass. 
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100-lb. pressure, but in Lawrence we are confined te about 63 lb., 
so I think that with the diminished pressure that we have, and 
the difficulties encountered in the open filter, such as I speak of 
we show very good results. I would say that, so far as our sand 
is concerned, we find, as Mr. Knowles contends, that the further 
we transport it through the pipe, the cleaner the sand is when it 
comes out, for the agitation received in passing through the pipes 
helps it to scour it. 

Mr. ALLEN Hazen * (by letter). In the first Pittsburg design to 
which Mr. Knowles has referred, there is a pipe shown underneath 
the ejector, which was called the “ irrigator.’”’ That pipe plays a 
somewhat important function in washing the sand which was not 
mentioned by Mr. Knowles. We have used the irrigator in all 
sand-washer designs since this first Pittsburg design. 

In the earlier washers at Hamburg, Albany, etc., the sand was 
freed from dirty water by a process of dilution. Every time it 
went through the hopper some of the dirty water was separated 
and some clean water was mixed with it, and so the dirty water 
was diluted until finally a degree of dilution was reached where 
there was not too much dirt left. The function of the irrigator 
was to introduce clear water at the bottom in a special chamber 
of such size that the sand would settle down into it, and the 
clean water would be carried forward with the sand, while sub- 

stantially. all of the dirty water was displaced. With this 
arrangement there was a better separation of dirt in a single 
hopper than had previously been reached with several hoppers. 

Mr. F. F. Longley, now resident engineer of the Toronto Filters, 
formerly at Washington, has made very numerous and painstaking 
investigations of the relations between the size of jet, the size of 
throat, the pressure of water supplied to the jet and the pressure 
of water obtained at the discharge, and the frictional resistance 
of mixtures of sand and water in piping. These investigations 
have extended through at least six years, including some pre- 
liminary experiments that I made at Washington. Many of these 
experiments have been written up for office use and many designs 
have been based upon them. I have thought that some time Mr. 
Longley and I would publish a description of this work, but it 


* Consulting Engineer, New York City. 
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has been -postponed because added data is being accumulated 
from time to time. A very concise statement of some of the leading 
results is presented in the American Civil Engineers’ Pocket-Book, 
published by Wiley & Sons, pages 932-935. 

In general, the Venturi-shaped throat yields considerable more 
pressure than the throats of shorter length and sharper pitch that 
were used in all the earlier sand washer designs, and ejectors of 
this type should be used in all cases where the highest efficiency 
is desirable. More recently, throats made of straight pieces of 
water pipe have been used. Under favorable conditions the 
pressures obtained with these come within ten per cent. of those 
reached with the Venturi throats; and where high efficiency is 
not important, this type of throat is convenient. 

To take up dirty sand scraped from a filter, about one volume 
of water is required to break down one volume of sand, making a 
slush mixture having sixty per cent. of solid sand by volume and 
a specific gravity of 1.59. This is an average result, and is taken 
as the basis of calculation. In handling clean sand less water may 
be used and slush of a higher specific gravity obtained. 

With an ejector taking up slush of this kind there is a definite 
relation between the percentage of sand in the mixture that can 
be thrown and the percentage of pressure that can be developed 
by the ejector. Thus, with 5 per cent. of solid sand in the dis- 
charge by volume and an ejector of good design, a pressure at 
the discharge of 50 per cent. of the jet pressure may be reached; 
with 10 per cent. sand, 37 per cent. of the pressure may be 
reached; and with 15 per cent. sand, 28 per cent. of the pressure, 
etc. 
Generally speaking, the smaller per cent. of sand in the dis- 
charge, the further sand can be carried or the higher it can be 
lifted; but, on the other hand, more water is required to make it. 
go. Practically speaking, for any given condition an equilibrium 
will be reached with full feed of slush to an ejector at which the 
per cent. of sand in the discharge water is as high as can be main- 
' tained with the conditions of discharge and elevation that actually 
exist. These conditions may be calculated with sufficient accuracy 
for all practical purposes by a few simple formulas based upon the: 
results of the experiments above mentioned. 
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In the first place, a tabular statement of the conditions obtaining 

‘in good ejectors at approximately average efficiency is given. 
This is for ejectors of the best shape but somewhat worn and not 
quite in the best condition. With everything in the best condition 
the results will be better, while with much-worn throats the 
efficiency will fall off from the figures given. 


Per Cent. of — le ‘gad Thrown | 5 | 10 | 15 20 | 25 | 30 
Specific gravity of mixture......... 1.05 | 1.10 | 1.15 | 1.20 | 1.25 | 1.30 
Per cent. slush by volume......... 8.3 (16.7 {25.0 /33.3 (41.7 |50.0 
Per cent. nozzle water by volume... 91.7 (83.3 (75.0 (66.7 [58.3 /50.0 
Weight of slush per part water from 

0.15 | 0.32 | 0.53 | 0.80 | 1.14 | 1.59 
Q = ratio total weight of discharge 

to weight of jet water.......... 1.15 | 1.82 | 1.53 | 1.80 | 2.14 | 2.59 
P = proportion of ng pressure de- 

veloped in discharge............ 0.50 | 0.37 | 0.28 | 0.20 | 0.14 | 0.10 
T = ratio of distor of throat to 

1.18 | 1.83 | 1.50 | 1.73 | 2.02 | 2.38 
V =ratio of velocity in throat to 

0.79 | 0.68 | 0.59 | 0.50 | 0.42 | 0.35 


For water alone, V = 2. 


For sand mixtures, V= T Sp. Grav. 

The specific gravity of 10 per io sand is 1.10, etc., closely enough for this 
calculation. 
For any given ejector the amount of pressure that can be 
developed added to the velocity through the throat in terms of 
velocity in the jet is approximately constant. In other words, 
with a given ejector you can have so much velocity or so much 
pressure, or corresponding proportions of each, but as you get more 
of one you get less of the other. With ejectors of the Venturi 
type, working with water: alone, this may be expressed by the 
equation: 

For water, (P+ V)T!4+=1.75. 

When mixtures of sand and water are thrown, the law is the 
same, but the specific gravity of the mixture is greater, and the 
diameter of the throat must be reduced to give otherwise corre- 
sponding results. With the maximum percentages of sand that 
can be thrown in each case, the equation becomes: 
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For sand, (P+V)T"*=1.75. 

For general use, without refinements, the equation may be . 
written: 

In general, (P+ V)T!*=1.65. 

This is more easily solved on an ordinary slide rule and the 
constant is taken a little lower to allow for falling off in efficiency 
under various conditions. 

Following the nomenclature used above, 7’ should be so selected 
that QV will equal 0.9. No very great falling off in efficiency will 
be found with values of 7 such that QV is between 0.8 and 1.0. 
Within this approximate range the pressure that may be developed 
varies inversely as the square of Q. Expressed as an equation: 


PQ =0.65. 


Again, the figure given as 0.65 is not quite a constant; 0.7 and 
even 0.75 are obtained in special experiments under favorable 
conditions, and 0.65 is what should reasonably be obtained under 
average working conditions with a good design and parts replaced 
before they are too much worn. 

These equations are all approximate. They are not strictly 
consistent among themselves, but they do represent substantially 
the practical conditions that have been found in ejectors under 
conditions of actual use, and they serve to allow these conditions 
to be computed in advance with sufficient accuracy for all practical 
purposes. 

Ejector parts are best made of common cast iron. We have made 
them experimentally of brass, bronze, steel, and of specially hard- 
ened materials, but no increased wear was obtained from any of 
these justifying the added expense. The simple cast-iron parts 
wear substantially as long as the case-hardened ones or those of 
any special material. ‘ 

The friction of mixtures of sand and water in pipes may be 
estimated by computing the friction of water alone at the same 
velocity in the pipe and adding 3.5 ft. per thousand for each per 
cent. of sand in the mixture. With 6-in. or larger pipe only 2.5 
ft. per thousand need be added, while for 2.5 in. hose 4.5 ft. per 
thousand are to be added. 

Those figures are sufficiently close for velocities 5 ft. per second 
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and over. Between 3 and 5 ft. per second the frictions will some- 
what exceed the amounts so computed, especially near the lower 
limit, and below 3 ft. per second sand and water mixtures will 
not flow steadily. 

In calculating the yardage, per cent. of sand in the mixture, 
etc., use — 

137.5 X cu. yd. sand per hour 

Per cent. sand in discharge X diameter ? 


Calis = Per cent. of amex X diameter 


Velocity ft. per sec. = 


The frictional resistance of various quantities of sand and water 
in pipes of several sizes are shown in tabular form below. 


Per Cent or Sanp 1n DISCHARGE. 


10 15 20 25 


23-Incu or Hose. 


165 130 

310 180 160 

500 280 200 
390 260 


3-IncH or Hoss. 


420 142 
225 
320 


Cubic Yards ‘ 
per Hour. 5 

4 480 
170 
8 180 
is 10 220 210 

6 108 «128 
8 136 125 
_£ 10 180 142 142 170 

4 “12 430 240 170 154 160 | 
14 300 205 175 170 
a 16 380 250 200 182 | 
a 4-IncH Pips. 
- 8 180 74 70 
= 10 280 97 77 87 
12 126 89 88 
.. 14 160 102 92 102 
3 16. 200 120 102 104 117 : 
140 111 108 117 
20 160 123 113 120 
ee 22 184 135 120 123 _ 
= 24 210 152 130 128 
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- Cubic Yards 
per Hour. 5 10 15 20 25 30 

5-IncH 

10 98 50 55 

15 195 75 62 71 

20 320 110 76 75 83 

25 160 94 : 84 88 

30 210 115 98 94 100 
6-IncH PIPE. 

20 140 56 51 62 

30 97 67 66 75 

40 150 92 76 78 86 

50 210 122 95 86 90 


pounds does not give corresponding increase in capacity. . With 
a given ejector this is often true, because with the higher pressure 
more water passes through the jet, the discharge pipe is filled with 
jet water alone, and there is no room left to take up sand. In 
the same way, if the jet is made too large, less sand will be taken up 
than with a smaller jet. Other things being equal, the size of jet 
should always be reduced when the pressure is increased. If this 
is done, there will always be an increase in the distance that sand 
can be carried or in the height that it can be lifted with an increase 
in the pressure of the feed water and this increase in distance and 
height is substantially proportional to the increase in pressure. 
On the other hand, the wear and tear of the apparatus increases 
rapidly with high pressure, and for ordinary work one hundred 
pounds may be a reasonable limit. 

Up to the time of the design of the Washington plant, the 
largest piping used in connection with sand washing or handling 
was three inches in diameter. J became satisfied that there would 
be advantages in the use of 4-in. pipe and it was used. Up to that 
time the largest quantity of sand that had been handled was five 
or six cubic yards per hour. With the larger pipe at Washington 
the quantity of sand handled at once jumped to 10 and even to 
12 cu. yd. per hour. It would obviously be possible to use 5-in. 
pipe and increase the yardage, but it may be doubted whether 
the business about an ordinary filter plant will warrant this. For 
special purposes, five or six inches and even larger piping may be 
advantageous. 


Mr. Knowles finds that increase of pressure above one hundred ae 
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With 100 lb. pressure and 4-in. piping and a 0.7 jet, 10 cu. yd. 
of sand per hour can be carried horizontally for about 600 ft. or 
lifted 40 {t.; or a proportional amount of both lift and carry may 
be obtained; 15 cu. yd. per hour can be carried horizontally 
400 ft., or lifted 30 ft.; and 20 cu. yd. per hour can be carried 
horizontally 250 ft. or raised 22 ft. 

Generally speaking, 50 ft. of 3-in. discharge hose from the 
movable ejector to the end of the 4-in. pipe has as much resistance 
as from 100 to 150 ft. of 4-in. pipe, so that as a practical proposition 
with the washer on the roof of a covered filter with 0.7 jet and 
100 lb. water pressure, we have 15 ft. lift and 50 ft. 3-in. hose and 
about 350 ft. horizontal run in 4-in. pipe, as a practical limit, at 
which 10 cu. yd. per hour can be handled. With longer runs, 
smaller quantities, and with shorter runs larger quantities up to 
15 cu. yd. per hour and more may be handled. 

In making calculations, the most convenient procedure is to 
assume a certain number of cubic yards per hour and certain 
lengths of discharge piping and elevations, find out what the 
frictional resistance in these will be with various percentages of 
sand in the discharge, and then calculate what pressures of feed 
water will be required to produce these conditions. If the re- 
quired pressure of feed water much exceeds that which is available, 
then the assumed conditions are too difficult and must be made 
easier. On the other hand, if it comes within the limit of pressure 
that is available, the desired results will be reached, and making 
the calculation for a series of percentages of sand in the discharge 
water, and then interpolating from the results, a very close approxi- 
mate figure can be obtained for the largest per cent. of sand in the 
discharge water that will be carried; and conversely, for the 
smallest size of jet that will accomplish the desired results. 

By following out these calculations systematically it will be 
possible to be quite certain in advance of securing the desired 
results and also of securing a design that will do it with as small 
a quantity of water as can be made to accomplish the purpose. 

Mr. Francis F. Lonatey * (by letter). In connection with the 
operation of the slow sand filters at Washington, D. C., the 
writer had an opportunity, a few years ago, of studying certain 

» Resident Engineer, Filtration Plant, Toronto, Ont. 
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problems relating to sand washing and handling. Investigations 
were made on the frictional resistance of sand and water in pip- 
ing, and laws were determined for computing the loss of head in 
3-in. and 4-in. pipe. The relations between the sizes of jet and 
throat of ejectors, the quantity of material that could be handled, 
the pressure of water at throat and jet, etc., were also studied, 
and the results are reviewed in the following discussion. 

Friction of Sand and Water in Pipes. The equipment available 
for the study. of the friction of mixtures of sand and water in 
pipes consisted of the 4-in. wrought-iron pipe of the sand washer 
system supported permanently along the side walls of the filters; 
the 3-in. flexible hose used to connect up the ejector box with the 
4-in. wrought-iron pipe; the ejector box; a measuring box for 
sand; meters to be placed on the pipe or hose lines; the differen- 
tial mercury gages, etc. The determination of the loss of head 
consisted simply in establishing a steady flow for various con- 
ditions and measuring accurately the pressure at two points some 
distance apart or the difference in pressure at these two points 
on the pipe line. The first experiments were carried out by the 
use of pressure gages located at two points on the line. These 
pressure gages had dials graduated to 30 lb. The least graduation 

-of the dials was one pound and the least reading that could be 
depended upon, due to the lack of refinement of the gage, was 
probably one quarter pound. The maximum difference in pressure 
at the two points chosen for the gages was only about 12 Ib., 
-and the usual difference, of course, much less than that. The 
least reading of the gage, therefore, represented so large a per- 
centage of the difference in pressure usually observed that the 
accuracy of the observation was not nearly what was desired. 
The need of some more refined method of measurement was 
therefore very soon demonstrated. A differential mercury gage 
was then rigged up, consisting of a long U-tube of glass attached 
by suitable connections to a }-in. wrought-iron pressure pipe 
which was carried along the 3-in. hose or 4-in. pipe to the points 
on the pipe at which the difference in pressure was to be observed. 
Cocks for checking the oscillations which resulted from the con- 
tinual variations in the conditions of flow in the pipes, especially 
at low velocities, and for blowing off the }-in. pressure pipes and 
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clearing them of sand, were provided, and every precaution taken 
to make the readings consistent. The arrangement of the pressure 
piping, differential gage, etc., is shown in Fig. 11. The greatest 
care was used in the placing of the }-in. pressure pipe and the 
differential mercury gage to avoid the trapping of air in high 
pockets of the pipe, as it was found that such accumulations of 
air affected the readings of the gage to a considerable degree. 


Blow off cock 


Differential mercury gauge 
Adjustaile scale 


Fie. 11. 


It was necessary to determine the following factors in this 
problem: The difference in pressure at two points a measured 
distance apart on the line under observation; the quantity of 
water passing through that section of hose or pipe, and the quan- 
tity of sand. One of the movable ejectors was hooked up in the 
usual way by means of two lines of 3-in. hose to the pressure pipe 
line along the wall. The water flowing through the section under 
observation could then most conveniently be measured in two 
parts, viz., the water supplied to the nozzle and the water sup- 
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plied to the irrigator. Two 3-in. meters were used for this purpose; 
one on the main supply to the nozzle of the ejector box and the 
other on another line of 3-in. hose supplying the irrigator. A 
separate line of hose to the irrigator is not needed, of course, in 
the regular operation of an ejector, but it was used here for con- 
venience in the measurement of the water quantities. For the 
measurement of the sand flowing through the pipe or hose line, 

under observation, a rectangular bottomless box holding just one 

cubic yard was used. This box was filled by shoveling the scraped 

sand into it until it was full and the top struck with a straight- 

edge and the box then lifted off. Piles of an even number of yards 

of sand were used for each run. 

With all the apparatus placed ready for the experiments, the ; 
procedure for a single test run was somewhat as follows: The 
water was first turned on at the jet and at the irrigator and ad- 
justed approximately to the velocity desired through the hose or 
pipe under observation, the supply of water to the irrigator being 
fixed so that the water level in the ejector box stood at a fixed 
depth of about 6-in. over the nozzle to insure complete sub- 
mergence. When steady flow was established, the 3-in. pressure 
pipe-lines were cleared ‘of sand and air and filled with water by 
opening the cocks wide and discharging water through the blow- 
off cocks each side of the differential mercury gage. When this 
condition was perfected, the cock on each line nearest the point of 
attachment of the pressure Jine to the 4-in. pipe or 3-in. hose was 
partially closed until there was only a very small flow at the blow- 
off cock. The two blow-off cocks were then closed and the pressure 
communicated direct to the differential mercury gage and then 
the cocks on the pressure lines at each side of the differential 
mercury gage were gradually closed until the oscillations of the 
mercury column already referred to were reduced to a minimum. 

The gage now being ready for observations, and the water flowing 
as already described at the jet and at the irrigator, the ejector 
box was filled with sand and the sand maintained at a constant 
level at the top of the box from an unmeasured waste pile of sand 
nearby. This process was continued for several minutes, if neces- 
sary, or until the flow of sand and water in the hose or pipe had 
reached a reasonably steady condition. The quantity of irrigator 
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water taken up when feeding sand to the ejector is of course much 
less than when the ejector is being supplied with water alone. 
The irrigator valve had then to be partially closed to adjust the 
quantity of water to give as perfect a condition of feed as possible 
at the ejector without causing the box to overflow. Then, at a 
definitely observed time, sand was supplied from one of the 
measured piles of sand instead of from the waste pile, and this 
procedure continued until an even number of yards of sand had 
been fed to the ejector. Finally, the time was observed when 
this even number of yards of sand had been exhausted and the 
sand in the ejector had run down once more to its initial position 
level with the top of the box. This fixed the time factor and the 
sand factor in the experiment. Readings were taken on the two 
water meters at the beginning and end of the run and also in- 
cidentally at intermediate times during the run in order to check 
up from time to time, if desirable, the uniformity of the supply. 
At the differential mercury gage-board readings were taken of 
the height of the mercury column at intervals of thirty seconds 
throughout the entire measurement period. The average of these 
was assumed as representing the difference in pressures at the two 
points of connection of the pressure pipe to the pipe or hose under 
observation 

The results of these observations were then brought together, 
the percentage of sand in the mixtures determined, the velocity 
of the mixtures through the pipe or hose under observation de- 
termined, and the loss of head in feet per thousand feet computed 
from the observed readings of the differential mercury gage. 
These points were then plotted with loss of head per thousand 
feet as ordinates, velocity in feet per second as abscisse, and the 
percentage of sand in the mixtures noted for each point so plotted. 
The problem thea présented itself of determining from this data 
a suitable law of variation of the friction for different percentages 
of sand. A little study indicated that, for any given velocity 
which was great enough to keep the sand in suspension in the 
pipe, the increase in friction for equal increases in percentages 
of sand and slush was approximately constant. As an illustration 
of this, the points on the diagram corresponding to the 3-in. 
nozzle covered a very small range of velocities. A mean line was 
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drawn through these points and the distance was measured along 
this line to the several points from the curve which had been 
carefully determined with the same equipment for the friction 
with water alone. It was found that these distances bore practi- 
cally a constant ratio to the observed percentage of sand in the 
mixtures. This may be seen from Fig. 12, which is intended to 
illustrate this method of adjustment of observations. 


sass 


Fie, 14. 


A study of other similarly related points showed that the same 
law applied very well, and consequently all the observations were 
classified according to small ranges of velocity. This method was 
applied for each set of figures and the points so determined 
used to plot curves. These curves are shown on Figs. 13 and 
14, which mean substantially that the observations have been 
reduced to the basis of a factor to be multiplied by the percentage 
of the sand in the mixture and added to the friction for water 
alone for that velocity. These results may be stated in tabular 
form as follows: 
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Factor To BE MULTIPLIED BY PER CENT. OF SAND IN THE MIXTURE AND 
ADDED TO THE SLOPE FOR WATER ALONE AT THE SAME VELOCITY. 
3-in. Hose. 4-in. Pipe. 
Water alone, C= 
Velocity, 3 ft. per sec.. 

5 ft. 
6 ft. 
7 ft. 
8 ft. 
9 ft. 
10 ft. 
11 ft. 


Action of Sand Ejectors. The experimental work described 
herein relating to sand ejectors had its beginning in connection 
with the design of the Water Filtration Plant at Washington, 
D. C., in the spring of 1904. By the authority of the officer then 
in charge of the Washington Aqueduct a number of tests were 
made under Mr. Hazen’s direction to determine the power and 
capacity of different sizes and types of ejectors. Mr. Hazen had 
to experiment with, at that time, an ejector of the type used then 
in Philadelphia and some ejectors made from his own designs, 
the discharge end being patterned after the Venturi meter, and, 
on that account, being called a Venturi ejector. 

Mr. Hazen’s conception of the action of these ejectors involved 
from the first some more or less definite relations between pressures 
and velocities at the nozzle and the throat, the relative diameters 
of jet and throat and the quantities of material passing through 
the jet and throat. As a result of the first experiments mentioned 
in 1904, he was rewarded by finding reasonably definite relation- 
ships between these quantities, enough for him to perfect the design 
of the Sand washing equipment at the Washington plant, which. 
has proved itself most efficient and economical. The results of 
Mr. Hazen’s early experiments were reviewed briefly in the paper 
on the filtration plant at Washington, D. C., by Messrs. Hazen 
and Hardy, in Vol. 57, Transactions of the American Society 
Civil Engineers. 

As a result of these early experiments, one of his most im- 
portant conclusions was the great advantage in efficiency of the 
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Venturi-shaped ejector over the other types of ejectors with which 
he experimented. The throat or discharge end of the Venturi 
ejector had a batter of 1 in 22. The throat of the older type of 
ejector used had a batter of 1 in 6. It seems that the discharge 
with the longer batter assisted in the recovery of part of the 
velocity head, or acted in some other manner to make the Venturi 
style much the more efficient of the two. There was not at that 
time, however, as much data as was needed to establish dependable 
laws for the action of these ejectors. It was this fact that led to 
further study of this problem that has been carried on since that 
time. During the years 1907-8 the writer carried out a large 
number of experiments on the action of the ejector, bringing 
together all the data possible upon the size of jet and throat, the 
pressure of water at the jet and on the discharge, the quantities 
of material thrown, etc. Mr. Hazen’s earlier studies had made 
unnecessary any further comparison of the old ejectors with the 
sharp batter. A new type of throat had come into use at the 
Washington plant, however, which has been called the pipe 
throat. This throat was made of a piece of wrought-iron pipe, 
straight, cut to a length to be interchangeable with the Venturi 
throat. The Venturi throats wore out rapidly under the service 
they received, and the pipe throats made a cheap and convenient 
substitute therefor. The study was made, therefore, upon the 
two types of ejectors; first, the Venturi ejector; second, the 
pipe ejectors. These experiments covered the Venturi type of 
ejector fairly well, so that reasonably definite and certain con- 
clusions have been drawn concerning them, and especially the 
advantage of this type of ejector over the old type with the sharp 
batter was confirmed. A large number of experiments were made 
with the pipe ejectors and certain conclusions concerning them 
were well established, but further data must be obtained before 
a final analysis of ejectors of this type can be made. 

The analysis of the results described further on seems to indicate 
very much the same efficiency obtained from the Venturi ejector, 
and from the best designs of pipe ejectors. The results of the 
experiments on pipe ejectors, however, are more erratic than on 
the Venturi. The point upon which evidence is most needed is 
as to the effect of varying the length of a pipe throat of a given 
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diameter. In future experiments the length of the throat will 
be stated in terms of its diameter. 

In the earlier Washington experiments it was assumed that 
results obtained with any given ejector carrying water alone 
represented what could be done with a slush of sand, weight for 
weight. There are so many complications and difficulties in the 
way of getting accurate results from ejector experiments with 
sand that it is much more satisfactory to study the problem with 
water alone if the assumption mentioned above can be shown to 
be a safe one. An analysis was made of a large amount of data 
collected during these experiments to bring out this relation which 
the weight of sand and water taken up bears to the weight of water 
alone taken up in the actual operation of the ejector. The analysis 
shows that, for practical purposes, it is quite safe to assume that 
the weight. of the mixture of sand and water taken up by an 
ejector with perfect conditions of feed will be equal to the weight 
of water alone that would be taken up by the same ejector under 
the same conditions. 

With this point demonstrated to our satisfaction, the study of 
the action of the ejectors proceeded with water alone. The same . 
equipment was used for this study as was described above in the 
discussion of the determination of the loss of head in pipes, except 
that the differential mercury gage was done away with and the 
pressure at nozzle and throat observed by means of pressure 
gages. The information required from a single experiment con- 
sisted of the pressure at the nozzle, the pressure at the discharge, 
the quantities of water flowing to the nozzle and to the irrigator, 
the length of time consumed by the experiment and, of course, 
the exact description of the nozzle and the throat. 

It was discovered early in the experiments that reliable results 
in the quantity of water taken up by the ejector could be obtained 
only with the jet continually and completely submerged. With 
the apparatus in shape for an experiment, therefore, the procedure 
was about as follows: The water was turned on at the jet until 
it reached the pressure desired for that particular run. The 
gate on the irrigator supply was then opened up wide until the jet 
was submerged and the water risen to a definite mark in the 

ejector box. It was then partially closed until the water level in the 
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ejector box stood just about at this mark without any but a tri- 
fling adjustment of the irrigator valve. The apparatus was then 
ready for the observations for a single experiment. At a definite 
time the two water meters were read. Readings were then taken 
on the two pressure gages at intervals of about fifteen seconds. 
At the end of a definite time the meters were read again and the 
experiment was ended. The valve on the nozzle supply was then 
adjusted to a different pressure, the valve on the irrigator supply 
altered to produce the same condition of equilibrium in the ejector 
box as before and another run was made for that pressure, and 
so on. The following table gives an example of the observations 
taken in a single run. 


Run No. A-89. 


Nozzle diameter equals § in. 
Throat diameter equals 1} in. pipe throat. 


Meter Readings, Cu. Ft. Water, Pressure, Lb., 
Time. Jet. Irrigator. . Irrigator. 


1.213 252960.0 192572.5 


Water passing jet i . ft. 
Water passing throat, 76.5 plus 60.5 equals 137.0 cu. ft. 
Average pressure, jet 27.1 Ib. sq. in. 
Average pressure, discharge 6.0 Ib. sq. in. 
Mean velocity in jet 70.0 ft. per sec. 
Mean velocity in throat 31.5 ft. per sec. 


With this data in hand the problem became one of determining 
the relations between pressures, quantities, jet ratios, etc., that 
would apply reasonably well to any case. In Mr. Hazen’s earlier 
experiments at Washington he made a successful analysis of his 
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results as has already been mentioned, with his observations . 
reduced to the following terms: 


Q equals the ratio of total weight of discharge to weight of jet water. 
P equals the percentage of jet pressure developed in ejector discharge. 
T equals the ratio of diameter of throat to diameter of jet. 

V equals ratio of throat velocity to velocity in the jet. 


For the experiment given in detail above, these quantities are 


as follows: 


Q equals 1.79 
P equals .22 
T equals 2.00 
V equals .45 


The quantities P and Q were next plotted on logarithmic paper. 
For each combination of jet and throat that was experimented 
upon a number of runs were made at different pressures on the 
jet, these pressures varying from the least pressure which would 
take up any water at all to the maximum pressure that was avail- 
able. For each run a point was plotted on logarithmic paper 
with the quantity P as ordinate and Q as abscissa. For each set. 
of runs upon one combination of jet and throat there were then 
several of these points corresponding to the different pressure 
conditions just mentioned. These several points were joined by 
lines and each broken line thus formed showed the relations 
between pressure and quantity for this particular ejector through- 
out the entire available range of pressures. When these lines. 
had been plotted for all the different ejectors that were tried, it 
was found that a straight line could be drawn coinciding with the 
points of maximum efficiency of a great many of these curves, 
viz., those which represented the most efficient combinations of 
jet and throat. The broken lines representing the less efficient 
ejectors lay entirely within, but did not touch, this enveloping 
line. This line has been termed the curve of maximum efficiency 
for the ejectors. This analysis was made separately for the 
Venturi ejectors and for the pipe ejectors, and is shown for 
the former on Fig. 15. For the Venturi ejectors the equation 
of this curve of maximum efficiency was found to be C= PQ?, 
and for the pipe ejectors C= PQ". For the Venturi ejector the 


re 
ee 
i 
| 
= 


DISCUSSION. 


\\ 
\\ 

| 


va 
| 


| 
740 40000 «(200 3.00 #00 
Q Total of Discharge Naight of Jet Water 


Fia@. 16. 


best average value of C was approximately .70, but .65 would be 
a more conservative figure to use for purposes of design. For 
the pipe ejector the best average value of C in its proper equation 
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was about .60, but — as in the case of the Venturi ejector — say, 
.55, would be a better figure to use. Within the usual range of 
service pressures the efficiencies indicated by these two equations 
differ but very little. In view of the more erratic showing of the 
pipe ejectors and the lack of data which will enable a more com- 
plete analysis to be made of the entire problem of pipe ejectors, 
the formula given above for the Venturi ejectors, viz., C= PQ?, 
is the preferable one of the two. 

Mr. Hazen, in his discussion of this paper, has brought out 
other relations which, together with this equation, form the 
fundamental equations upon which the design of sand ejectors 
may be based. 

Messrs. KNOWLES AND Rice. It is gratifying to the authors 
that their endeavors have brought to light other experiments and 
data upon this interesting subject, but it is to be regretted that 
the results of many other places where work is being done have 
not been chronicled, that all might have information secured 
under varying conditions. 

Messrs. Hazen and Langley’s contributions are particularly 
interesting and notable additions to the knowledge of the subject. 
The function of the irrigator, as noted by Mr. Hazen, was care- 
fully studied in our experiments, with results as stated on page 
104; where we diferentiate between the different kinds of irrigators 
to use with portable ejectors as compared with washers. In the 
_ latter case, only, does there seem to be an advantage with hori- 

zontal irrigator in bottom of the hopper. 

Mr. Hazen’s formula and accompanying tables will undoubtedly 
be of aid in designing works for this purpose and the handling of 
sand by water carriage. The authors had hoped to be able to 
thoroughly compare these formule with results of their experi- 
ments, but time has not permitted, in the desire to publish the 
paper, which so long has been deferred, and have the information 
available as soon as possible. We have thought it better to take 
this up at a later date. 
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TOPICAL DISCUSSION. 


[January 11, 1911.] 


Mr. Jutius C. Grpert.* Mr. President, I received a letter 
this morning relating to a small matter, but one, I think, which 
interests us all. It is from the superintendent of the water works 
of Kingston, Mass., and is as follows: 


Kingston, Mass., January 9, 1911. 


SUPERINTENDENT WHITMAN WATER DEPARTMENT, 
Wuitman, Mass. 


Dear Sir, — Thinking you may have had a case similar to the 
one I am writing you about, I am seeking information on what 
they do in other places in cases of this kind. 

Two years ago a certain party applied for town water and asked 
to have it metered. This I thought a fair idea, as they would use 
more than an ordinary family, so I had a 13-in. connection made 
to the main and have been supplying them from this. It is our 
custom to run a service pipe of sufficient size to the curbstone 
line of sidewalk and to put on a curbcock, the applicant connecting 
on same and running his own pipe to house. In this case we put 
in a frost-proof meter on the town side of curbeock instead of 
putting it in the house cellar, as the water taken had to run in 
a 1}-in. galvined iron pipe 350 ft. long through a salt marsh and 
through a river about 25 ft. wide. Some time within the last 
three months this pipe burst in the marsh and of course the meter 
ran up enormously, registering some over two hundred and fifty 
dollars worth of water. What I would like to know is this: Should 
the user pay for this wasted water or should the water depart- 
ment stand for the cost of pumping it? 

_ Yours very truly, 
(Signed) Frank A. Sampson, Superintendent. 


I suppose we have all had similar cases, and the question which 
this gentleman would like to have answered is what water-works 
- officials in general do in regard to such things. I know you have 
all had experience of this kind, and I would like to hear from some 
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of you in regard to what you think would be a proper way to make 
a settlement. 

Tue PresipENT. I would like to ask Mr. Gilbert if his super- 
intendent has answered the letter, and if so, what he advised. 

Mr. A. R. McCatium.* I answered Mr. Sampson’s letter and 
told him that when we had our own pumping plant we used to 
bear half the loss in a case like his. When there was a large loss 
of water by fault of the taker, we looked up the meter reading for 
the previous quarter, and charged him for a like amount for the 
quarter the loss occurred in, plus one half the excess. As we take 
water now from Brockton, paying meter rates, we would have to 
charge what the water cost us. As the Kingston Department 
own their plant, I thought Mr. Sampson could make the same 
arrangements that we formerly did, or just charge for the cost of 
pumping. 
Mr. Frank L. Fuuuer.t I think the meter not having been 
read once in three months emphasizes the importance of reading 
meters at least once a month. I think once in three months is 
not often enough. If the meter had been read monthly, a lot 
of that water would have been saved. 

Mr. Gitpert. I will say, Mr. President, that it is common 
among the country water-works systems to read the meters only 
once in three months, and I presume that that is the custom in 
Kingston; unless it is a very large meter, where they use great 
quantities of water. In an ordinary case, if the pipe hadn’t burst, 
they would probably have used not more than five to ten dollars 
worth of water in the three months. 

I think that it makes all the difference in the world in a case 
like this where a pipe is located and under whose care it is. We 
all know that there are men, even in the state of Massachusetts, 
who will use water sometimes when we do not know it, if they can 
get at it in some way without our finding it out. I know that we 
- have all had experiences of that kind. But in a good, honest case, 
as I think this to be, we have usually divided it, as our superin- 
tendent has said. I know we have had occasion to study and try 
to locate a leak for a month or two before we could find it, and in 


* Superintendent Water Works, Whitman, Mass. 
+ Civil Engineer, Boston, Mass. 
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cases of that kind we have always divided up upon it. The water 
works would lose one half and the proprietor of the house the 
other. 

Mr. Grorce CassELu.* I would like to state the method used 
in Chelsea with regard to such cases. I have no doubt it is similar 
to that in most other cities, in cases of the kind that the gentle- 
man refers to, where it is a bona fide case of an invisible leak, and 
it first comes to the attention of the consumer through the meter 
reading. When the man reads the meter and finds that there 
is an abnormal consumption, and no reason can be assigned for it, 
we send an inspector to ferret out the cause. If in his report he 
demonstrates the fact that the leak was what is known as an 
invisible leak, and that there was no way of the consumer or the 
water department knowing of it except by the meter, we take the 
total consumption, subtract the normal consumption from that» 
and split the excess between the city and the consumer. 

THE PresipEnt. I will say, Mr. Gilbert, that I believe that if 
we got the opinion of every one here, it would be that the answer 
of your superintendent was as equitable as any which could be 
given to the question you have asked. 

Mr. Leonarp Metcatr. It might in this connection be of 
interest to refer to the practice of the Pennsylvania Water Com- 
pany, of which Mr. Hawley is the superintendent. I remember 
some months ago he spoke of having a good deal of trouble from 
cases of this kind, not so aggravated, but where the meter dials 
showed a considerable excess over the normal monthly con- 
sumption. Their limited earnings prevent their reading the meters 
monthly. They make a practice of reading the large meters 
monthly, but not the small meters. As I remember it, he had 
something over thirteen thousand or fourteen thousand meters 
at the time. So he established the custom of giving to the water 
taker the option of having the meter read monthly instead of 
every three months, by the payment of a nominal charge, of, 
as I remember it, one dollar a year, — at all events, a nominal 
charge to cover the bare cost of the additional work involved to 
the water company. If, then, the consumer does not choose to 
take advantage of this option and have the meter read monthly, 


* Superintendent Water Works, Chelsea, Mass. 


ok: 
; 
> 
a 
: 
| 
‘ 
i 


134 TOPICAL DISCUSSION. 


and on the three months’ reading a very large excess appears, 
the owner is charged with substantially the whole amount. I 
will not say that he does not compromise the matter in some 
cases, because I don’t know but that he does, but I know that in 
many cases, perhaps in most cases, he does not compromise it, 
the burden being assumed to be upon the water taker. 

Mr. Gitpert. I want to ask the gentleman if they made the 
bills once a month. ; 

Mr. Mercatr. Under the circumstances cited they did, — 
that is, if the water taker paid the charge covering the reading of 
the meter. It may be that no bill was rendered if the amount was 
normal, but at all events, it served to call attention forcibly to — 
existing leakage. 

Mr. Futter. At Wellesley, a year or two ago, we sent out a 
card showing a meter and the way in which it is read, explaining 
the reading of the meter, and asked the consumers to occasionally 
at least read their meters and see how the consumption was going 
on. I think that has done some good, and it has to a certain extent 
relieved the water board of some responsibility. However, we’ 
have just adopted a method whereby we have a card which is 
placed near the meter, and the reading for each month is recorded 
on that card, and we call the attention of the consumer to this. 
It seems to us that if in case of a leak we can show the consumer 
that he has a record every month of how much water he was using, 
it places still greater responsibility upon him. 
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AND KEEP TRACK OF LEGISLATION AND OTHER 
MATTERS PERTAINING TO THE CONSERVATION, DE- 
VELOPMENT, AND UTILIZATION OF THE NATURAL 
RESOURCES OF THE COUNTRY. 


[Presented January 11, 1911,] 


A detailed report from this committee seems uncalled for in 

view of the fact that probably most of the members of the Asso- 
ciation are as well posted as the members of the committee on 
the chief happenings in the conservation field during the past 
year. 
The most notable conservation event of 1910 was the Conser- 
vation Congress held at St. Paul in September. That little of 
technical interest occurred at this conference was the opinion of 
a committee of the Engineers’ Society of Western Pennsylvania, 
which has recently submitted a report to the society named 
urging that that society lead in the movement to establish an 
Engineering Section at future conferences. If this suggestion 
bears fruit, it may be desirable for the committee of this Asso- 
ciation to codperate. 

Large withdrawals of public lands containing mineral resources 
were made about the middle of the year by President Taft under 
specific congressional authority. Considerable portions of the 
land covered by these withdrawals had previously been with- 
held from settlement, but President Taft and his supporters 
believed that specific authorization was necessary, and such 
authorization was granted by Congress. 

At the St. Paul Conservation Congress, already mentioned, 
an address was delivered by President Taft, in which he outlined 
his own policies regarding many important phases of conservation. 


On the question of water power, which perhaps more directly 


concerns the members of this Association than the other topics, 
the President presented a somewhat closely balanced judicial 
review of many of the points at issue. The whole address is well 
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worthy of careful reading and consideration, if for no other reason 
than because it gives an up-to-date inventory of the natural 
resources still owned by the United States. 

A number of states have conservation commissions at work, 
but for the most part these commissions have done nothing as 
yet save to review the resources of the states which they represent 
and to suggest lines for future action. 

As a whole, it cannot be said that the conservation movement 
has as yet resulted in very much definite constructive work, but 
it has served to call emphatic attention to the need of states- 
manlike consideration of and action upon the whole subject. 
This has been eminently useful, since a vast amount of educational 
work in arousing interest and enthusiasm was necessary in order 
to pave the way for needed reforms. 

An announcement has just been made of a new illustrated 
magazine to be called American Conservation. This publication 
will, apparently, be the organ of the National Conservation 
Association, which has its headquarters in the Colorado Building, 
Washington, D. C., and has as its president, Mr. Gifford Pinchot, 
recently Chief Forester of the United States. It is expected that 
the magazine will present its readers with full information re- 
garding the progress of the conservation movement — national, 
state, municipal, and private. 

For the committee, 
M. N. BAKER, 
Chairman. 
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REPORT OF COMMITTEE ON HYDRANT 
SPECIFICATIONS. 


[Presented January 11, 1911.] 


Mr. President and Gentlemen of the New England Water Works 
Association, — On behalf of the Committee on Hydrant Specifi- 
cations I wish to present the following report. 

In line with the discussion of the hydrant specifications at the 
annual meeting of the Association on January 12, 1910, the com- 
mittee arranged for a joint conference with the hydrant manu- 
facturers. This meeting took place on February 24, nine manu- 
facturers being represented. 

Practically all of the important items in the specifications as 
proposed at the last annual meeting of the Association were dis- 
cussed at length, and the manufacturers were requested to submit 
to the committee in writing such ameadments and additions as 
they thought should be made to the specifications. This they 
agreed to do. 

Some time later the manufacturers held one or more meetings 
among themselves and prepared a complete set of specifications, 
following the general arrangement previously proposed by the 
committee, but differing from those specifications in several im- 
portant features. The manufacturers sent the committee a copy 
of their specifications in printed form, with letter dated July 21. 
These specifications were submitted after having been fully con- 
sidered by fourteen of the hydrant manufacturers. 

It was at once seen that some of the items were open to serious 
question, and at least one of them was manifestly absurd, namely, 
a specification to permit a friction loss of twenty pounds in a 
two-way hydrant with two streams flowing (five hundred gallons 
per minute), whereas the present commercial hydrants give 
probably much less than five pounds under the same conditions. 
However, the consideration of these specifications was held for 
the moment, pending the results of tests of hydrants, arrangements 
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for which were then already being made, as mentioned later in 
this report. 

The item which perhaps vest the most attention at the 
February conference was the one relating to the diameter of the 
valve opening, and it was proposed by some if not all of the manu- 
facturers present that, as regards friction loss and discharge 
capacity, a 5-in. opening was unnecessarily large for a two-way 
hydrant, and that a 4-in. opening was probably sufficient. This 
at once raised the question as to the friction loss’ and discharge 
capacity of the present hydrants having 4-in. openings, but all 
of the manufacturers agreed that they had made no tests and were 
unable to give this information. 

It was promptly suggested, therefore, that sample Seca be 
tested, as the next step in the work of the committee, and the 
committee agreed to arrange if possible for the facilities for such 
tests. The manufacturers on their part agreed to furnish what- 
ever hydrants might be desired by the committee for this purpose. 

It was thought that later a second series of tests might be made 
on hydrants with 5-in. valve openings, for comparison with the 
results obtained in these first series of tests of hydrants with 
4-in. valve openings. 

During the summer arrangements for the testing facilities were 
completed, thanks to Mr. F. A. McInnes, a member of your 
committee and also at that time acting city engineer of the city 
of Boston. 

On August 27, a circular letter was sent to the several hydrant 
manufacturers, stating that the committee was ready to begin 
the work of testing, and asking that sample 2-way hydrants 
having 4-in. valve openings be sent for the proposed tests. 

Several of the manufacturers at once replied stating that the 
hydrants would be sent promptly. One manufacturer, however, 
who was also represented on the special committee appointed by 
the manufacturers to take up this matter of hydrant specifications 
in conjunction with your committee, objected to sending the hy- 
drants until certain details regarding the conduct of the tests were 
definitely agreed upon by the committee. 

It was considered that some of these points were entirely un- 
important, that others were matters which could not very easily 
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be determined by the committee until the hydrants were in hand, 
and there were still other questions asked which it was believed 
could best be answered only after the tests were completed. I 
therefore wrote this manufacturer along this line, but evidently 
was unable to satisfy him, and later, when the whole matter came 
before a meeting of the manufacturers held September 20, they 
refused to send the hydrants, among the manufacturers definitely 
taking this action being those who had previously expressed their 
willingness to send the desired samples. 

At the same time the manufacturers requested that the com- 
mittee advise them regarding the specifications which they had 
submitted to the committee in July. 

The only courses then open to the committee for obtaining 
hydrants for the tests appeared to be to either buy, borrow, or 
steal. The Association had made no appropriation for such an 
unusual expenditure, the chairman of the committee did not know 
where to go to borrow, and we were all too law-abiding to steal. 
We have, therefore, had no hydrants to test and the tests have 
not been made. 

During the past two or three months work incident to the 
closing of the year has prevented me from giving the matter 
further consideration, and I anticipate that the other members 
of the committee have been in much the same situation. 

However, in order to advance the work of the joint consideration 
of these specifications by the committees of the National Fire 
Protection Association and the American Water Works Associa- 
tion, copies of the specifications as proposed at the last annual 
meeting of the New England Water Works Association and of 
the specifications prepared by the hydrant manufacturers have 
recently been sent to the members of those committees, and in 
due time it is expected that a joint conference will be held to 
further consider the whole matter. 

While the committee were familiar with the hydrant tests made 
by Charles L. Newcomb at Holyoke in 1897 and 1898, on a number 
_of the hydrants then in common use, it was believed that tests on 
the present makes of hydrants were desirable as showing strictly 
up-to-date conditions. The information which such tests would 
provide would be of much value to the committee in connection 
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with the work in hand, and we certainly expected that these tests 
would be made during the past year, so that we could present to 
the Association to-day a final report. We, however, regret that 
we are unable to do this, and instead can only report that con- 
siderable effort has been made to this end but without practical 
result. 

We are particularly disappointed that the manufacturers have 
so signally failed to codperate with the committee, refusing the 
assistance which they easily could have rendered in obtaining 
information which at the February conference it was considered 
would be of value to the committee in connection with the work 
in hand. 

- Just what help the committee may expect from the manufactur- 
ers in future, time only can tell; we do not know. Neither do we 
understand the present attitude of the manufacturers in this 
matter of hydrant specifications. 

Under the conditions we are obliged to recommend that the 
specifications as printed in the Proceedings of the annual meeting 
of 1910 be still considered as the tentative specifications of the 
Association; and we would repeat the request of a year ago that 
the committee be favored with the suggestions which any member 
of the Association may have regarding this subject. 

Respectfully submitted, 
H. O. LACOUNT, 
Chairman. 
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REPORT OF COMMITTEE ON UNIFORMITY OF HOSE 
AND GATE NUTS AND DIRECTION OF OPENING. 


BY FRANK L. FULLER. 
[Read January 11, 1911.] 


Your committee owes an apology to the Association for not 
having done anything since 1906. At that time a report was made * 
and the committee continued. But the fact dropped out of our 
minds, or it did out of mine, and it was only on receiving a com- 
munication from the Secretary in regard to it that it was brought 
to our attention again. 

That report, as you remember, was in regard to the manner in 
which gates and hydrants should open, and the size of gate nuts, 
and. your committee recommended that gates and hydrants 
should open to the left, as that seemed to be the best way to secure 
uniformity, all steam valves opening in that direction, and, of 
course, a certain proportion of water-works valves and hydrants. 

At the time of that report the question was brought up and was 
discussed as to independent valves which are often placed in 
three-way and four-way hydrants. The question was raised as to 
the size of the spindle and of the nut operating the 23-in. valve, 
and the committee was asked to report on the matter. Your 
committee now presents that report. 

The Committee on Proposed Specifications for Post Hydrants 
a year ago t went into the matter particularly, and recommended 
that the stems be ? in. in diameter, with a stem nut 2 ia. square. 
This committee agrees with these suggestions. 

In regard to the direction of opening, this committee is of the 
same opinion as expressed in our previous report, namely, that 
unless there are reasons as therein expressed, they should open to 
the left. 

While the committee realizes that there are many hydrants in 
use with these independent hose-gate valves, they feel that, except 


* JournnaL N. E. W. W. A., Vol. XX, p. 348. 
t Journat N. E. W. W. A., Vol. XXIV, p. 205. 
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perhaps in mill yards where they are used by men who are entirely 
familiar with the direction of opening and the amount of leverage 
which should be used in opening them, and the number of turns 
required, for the use of the average fireman it is better to use a 
valve with a proper sized handwheel, screwed directly te the hose 
nozzle, and the hose connected with this 23-in. gate valve. 

Hydrants are made with a valve permanently connected to the 
hose opening, but the projection of this valve is objectionable in 
street hydrants, and they would be liable to injury, as pointed out 
by Mr. Stacy, by the small boy or the maliciously inclined. 

There are no doubt points, especially in mill yards, where a 
three- or a four-way hydrant will do excellent service,but as a four- 
way hydrant with independent hose gate valves costs about double 
an ordinary two-way hydrant, the question may be raised whether 
the two two-way hydrants are not more desirable. They are 
simpler, and simplicity is always desirable. 

This committee recommends that the fire department hose 
wagons carry a sufficient number of gate valves which can be 
screwed to the hydrants and the hose attached to these valves, 
the valves to be operated by.a hand wheel. 

A letter dated December 5, 1906, from Mr. A. W. F. Brown, 
water registrar, Fitchburg, treats of this subject from a practical 
standpoint, and the committee, therefore, adds it to their report. 

Respectfully submitted, 


F. L. FULLER. 


FRANK C. KIMBALL. 


FitcupurG, Mass., December 5, 1906. 
Mr. FRANK L. FULLER, 
12 Peart STREET, Boston, Mass. 

Dear Sir, — In reply to yours about hydrants with independent 
valves, would say that we have about 128 four-way hydrants in 
use on pressures from 72 to 180 pounds to the square inch, and they 
are all right if handled properly. They are of the Chapman make 
and are a fine working hydrant. The independent valves are as 
strong as the room in the top of the hydrant will allow of making 
them, and will stand all the strain necessary to work the valves, 
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but they will not stand a man pulling on them with the leverage 
that the hydrant wrench will give. 

The firemen sometimes leave the main valve open, having 
shut off the streams with the small valves, and forgetting to close 
the main one, and the highway department do the same. In 
cold weather this means a frozen hydrant soon after. The men 
also get excited sometimes and try to turn them the wrong way, 
and in that condition something has to come, and the valve is 
usually broken. The main valve will stand all their pulling without 
harm, and the small ones would if they had only the leverage that 
there is to a wheel valve. - 

The highway department sometimes leaves the small valves 
open and the firemen start to use it, and after attaching one line of 
hose and getting water, take off another cap for the second line, 
receiving the full 23-in. stream, and, flying over to the other side 
of the road, wonder what hit them. We have never had a man 
hurt from being hit this way, but have had them wet several times, 
. With narrow escapes from serious accidents. Of course they make 

remarks about the water department, and their lack of attention 

to the hydrants, but as we have not full control over their use, we 
cannot always know when they are used and so look them over to 
see their condition. We intend to look them over after being used 
at a fire as soon as the firemen are through. 

We do not have a great amount of trouble from them, but just 
enough to convince me that I would rather have the hydrants 
without them, even if we gave the fire department a new set of 
valves every year or two to use on the nozzles. They carry a 
valve on the line of hose on each wagon to use on the two-way 

- hydrants, and they could just as well use the others the same way. 
Yours very truly, 
(Signed) A. W. F. Brown, 
Registrar. 


Mr. Greorce A. Stacy.* Mr. Brown’s letter simply empha- 
sizes the necessity of the water department controlling the hy- 
drants, and also emphasizes the fact that hydrants are made for 
fire service and not for flushing streets, or to be monkeyed with by 


* Superintendent Water Works, Marlboro, Mass. 
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people who don’t know anything about them and who want to 
use them for all other purposes. 

Mr. Martin.* I think all of us who have anything to do with 
hydrants will echo Mr. Stacy’s remarks. I move that this report 
be accepted as a report of progress. 

Mr. Futter. I think this committee has been in existence 
about long enough and I hope the report will be accepted and the 
committee discharged, because this matter would very naturally 
come before the Committee to Prepare a Standard Specification 
for Fire Hydrants, and it seems to me unnecessary to have two 
committees so nearly alike. 

Mr. Junius C. Grusert.{ I think this committee is doing well 
so far. I notice particularly that they recommend that the valve 
gates open to the left, and after my experience I should say that 
was right. It. seems to me that we are going to have pretty hard 
work to get specifications for hydrants which will please every one. 
I can hardly wonder myself that the manufacturers of hydrants 
do not take to this so kindly as some of the water-works people, 
for the reason that, as you know, it is pretty hard work to bring 
all our water-works people to the same mind in regard to a hydrant. 
I think that as long as hydrants are made there will be different 
kinds or different makes of hydrants which will differ in some 
respects. This committee may get up a pattern of a hydrant 
which we might feel perfectly satisfied with, and in three months 
from now some one will get up a hydrant that is still better. So 
it looks to me as though it would be a pretty difficult matter to 
get a hydrant that will suit everybody. 

Mr. J. C. Hammonp, Jr.t When we built our water works the 
question of right or left for gates and hydrants came up, and we - 
settled it on the principle that the normal condition of a hydrant 

is closed, and, therefore, the nut is turned to the left, while the 
normal condition of a gate on the main line is open, and, therefore, 
we turn to the right, and there is no confusion. 


The motion to accept the report as a report of progress was 
adopted. 
* Superintendent Water Works, Springfield, Mass. 


t+ Water Registrar and Treasurer, Water Works, Whitman, Mass. 
t Secretary and Treasurer, Rockville Water Company, Rockville, Conn. 
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PROCEEDINGS. 
ANNUAL MEETING. 


Hote. Brunswick, 
Boston, January ii, 1911. 


President King in the chair. 
The following members and guests were present: 


Honorary MemBeER. 


MEMBERS. 


. Ballou, L. M. Bancroft, G. W. Batchelder, W. L. Beals, 

lackmer, C. A. Bogardus, George Bowers, Dexter Brackett, 

. P. Bucknam, G. A. Carpenter, George Cassell, J. C. Chase, 

er, E. D. Eldridge, G. H. Finneran, F. F. Forbes, F. J. 

ilbert, Albert S. Glover, J. A. Gould, F. H. Gunther, R. A. 

. E. Hall, J. C. Hammond, Jr., Allen Hazen, H. G. Holden, 

W. S. Johnson, E. W. Kent, Willard Kent, F. C. Kimball, G. A. Kimball, 

G. A. King, A. R. McCallum, N. A. McMillen, D. E. Makepeace, A. E. Martin, 

W. E. Maybury, John Mayo, F. E. Merrill, G. F. Merrill, Leonard Metcalf, 

William Naylor, A. S. Negus, F. L. Northrop, E. M. Peck, T. A. Peirce, W. 

H. Richards, Henry Roberts, C. W. Sherman, J. Waldo Smith, G. H. Snell, 

G. A. Stacy, W. F. Sullivan, L. A. Taylor, H. L. Thomas, R. J. Thomas, W. H. 

Thomas, L. D. Thorpe, J. L. Tighe, J. A.. Tilden, D. N. Tower, C. H. Tuttle, 

W. H. Vaughn, C. K. Walker, J. H. Walsh, R. S. Weston, H. L. Whitney, F. B. 
Wilkins, G. E. Winslow. — 74. 


ASSOCIATES. 


Anderson Coupling Company, by C. E. Pratt and C. E. Childs; Ashton 
Valve Company, by C. W. Houghton and Columbus Dill; Harold L. Bond ~ 
Company, by F. M. Bates; Builders Iron Foundry, by G. H. Lewis and A. B. 
Coulters; Chapman Valve Manufacturing Company, by A. W. Hobbs; 
Darling Pump and Manufacturing Company, Ltd., by H. H. Davis and J. L. 
Hough; The Fairbanks Company, by W. D. Cashin; Hersey Manufactur- 
ing Company, by Albert S. Glover, J. A. Tilden, and W. A. Hersey; Inter- 
national Steam Pump Company, by E. F. Nye; Lead Lined Iron Pipe Com- 
pany, by T. E. Dwyer; Ludlow.Valve Manufacturing Company, by H. F. 
Gould and A. R. Taylor; Chas. Millar & Son Company, by C. F. Glavin; 
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H. Mueller Manufacturing Company, by G. A. Caldwell; National Meter 
Company, by H. L. Weston and J. G. Lufkin; Neptune Meter Company, 
by H. H. Kinsey; Pittsburg Meter Company, by F. L. Northrop; Rens- 
selaer Manufacturing Company, by F. 8. Bates and C. L. Brown; A. P. 
Smith Manufacturing Company, by F. N. Whitcomb; Thomson Meter Com- 
pany, by E. M. Shedd; Union Water Meter Company, by F. E. Hall and Edw. 
P. King; United States Cast Iron Pipe and Foundry Co., by D. B. Stokes; 
Waldo Bros., by H. E. Browne;’ Water Works Equipment Company, by H. M. 
Heim; R. D. Wood & Co., by C. R. Wood and Wm. Woodburn. — 35. 


GUESTs. 


F. L. Weaver, G. W. Bowers, and E. H. Foye, Lowell, Mass.; William 
Harvey, superintendent water works, and Joseph Woods, water commis- 
sioner, Pawtucket, R. I.; Alvin C. Howes, Middleboro, Mass.; J. Kelley, 
Braintree, Mass.; F. Woodbury, 2d, water commissioner, Beverly, Mass., 
and Raymond C. Allen, Manchester, Mass.; H. P. Plimpton, water commis- 
sioner, Walpole, Mass. — 10. 


The Secretary read applications for membership from Henry 
E. Warren, Ashland, Mass., chairman of the water commissioners, 
Ashland, Mass.; and A. Lincs Fellows, Denver, Colo., engaged 
in irrigation hal water supply work, and a member of the Utili- 
ties Commission, Denver. 

On motion of Mr. Fuller, the Secretary was instructed to cast 
the ballot of the Association in favor of the applicants, and he 
having done so, they were declared elected to membership. 

Raymond C. Allen, C.E., Manchester, Mass., presented a 
paper on “ The Gas Producer Pumping Plants at Manchester, 
Massachusetts.” The paper was discussed by Mr. Harry L. 
Thomas, Mr. Frank L. Fuller, and Mr. John C. Chase. 

Mr. Allen Hazen read the report of Mr. M. N. Baker, chairman 
of the committee to “ look after and keep track of legislation and 
other matters pertaining to the conservation and development 
and utilization of the natural resources of the country.” 

On motion of Mr. Pierce, the report was accepted and ordered 
placed on file, and the committee continued. 

Mr. H. O. Lacount, chairman, read the report of the committee 
“to prepare a standard specification for fire hydrants.” 

On motion of Mr. Fuller, the report was received as a report of 
progress, and the committee continued. 
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Mr. Frank L. Fuller, chairman, presented the report of the 
committee ‘on uniformity of hose and gate nuts, and direction 
of opening.” 

The report was discussed by Mr. George A. Stacy, Mr. Julius 
C. Gilbert, and Mr. J. C. Hammond, Jr., and was accepted as a 
report of progress. 

The report of the committee “ to compile information relating 
to awards that have been made in water-works valuation cases,” 
H. W. Dean, chairman, was called for. Secretary Kent, in the 
absence of Mr. Dean, reported that Mr. Dean has endeavored 
faithfully to gather material for the report, but has not been suc- 
cessful. He has sent out two different circulars, without being 
able to secure sufficient information in response to warrant making 
a report, as people who had the information did not like to part 
with it. 

The following reports of officers of the Association were received. 


il 
4 
. 
pee 
4 


‘Ti6i ‘Tl 


aSVHO NHOf 
LAOUONVA ‘W puno} puv 


‘onjea yoog ‘T Av enp “Og 

‘ 
*SALLITIAVIT 


8 


uoIsmoxe 
00°0¢2 soyouny 
698 S$ “GUO JO 
Suipeoy peuoyen : syisodep UO 
10480010 
aNVH NO GONV IVa 


“SHUN *SLd1 


SYIOM 1098 PUB[ZUG MON OY} JUNOD UY 
‘LAOUONVG 


AO 


19.19 
3 
3 
3 
| 
Z 
‘ 


REPORT OF TREASURER. 


DETAILED STATEMENT OF BILLS PAID. 
1910. 
January 17 W.N. Hughes, dues book and cards 

Samuel Usher, advance copies Hydrant Specifi- 
cations 

Bacon & Burpee, reporting November and De- 
cember meetings 

D. Gillies’ Sons, printing ballots and envelopes . 

The Brunswick, music at January meeting. . . 

Miss J. M. Ham, salary for January .. . 

Chas. W. Sherman, salary as advertising agent 
to January 1 

Richard K. Hale, salary as editor to December 


Richard K. Hale, expenses 

Samuel Usher, December, 1909, Journat and 
reprints 

Boston Society of Civil Engineers, rent to De- 


L. M. Banesult &:Bon, treasurer’s 

W. N. Hughes, stamped envelopes and printing . 

W. N. Hughes, printing 

The Brunswick, lunch, cigars, and music, Febru- 

ary 4 

W. NH Hughes, binding and blocking 

Suffolk Engraving and -Electrotyping Company, 
plates 

Miss J. M. Ham, salary for February 

Boston ao of Civil Engineers, rent to Febru- 


ricaaed Metcalf, library research, 1909 . . 

D. Gillies’ Sons, envelopes and printing ... . 

W. N. Hughes, printing 

The Brunswick, lunches, music, and cigars, March 
9, 1910 

Thomas P. Taylor, stereopticon 

Suffolk Engraving and Electrotyping Company, 
plates 

J. C. Halden, drawing 

Richard K. Hale, salary as editor to March 31 . 

Richard K. Hale, postage and expenses He 

R. J. Thomas, salary as advertising agent to 
April 1 

Miss J. M. Ham, salary for March 


Amount carried forward 


149 
a $10.00 
3.50 
52.50 
18.50 
15.00 
50.00 
886.97 
100.00 
18 
164.50 
2.80 
50.00 
21.65 
ae . 15 86.72 
46.50 
171.50 
10.00. 
19 
ay 7.05 
23 75.00 
50.00 


March 23 


June 13 


16 


22 


12 
18 


April 4 
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Samuel Usher, printing cards and circulars. . . 


Samuel Usher, printing March JourNaL and 


Suffolk Engraving and Electrotyping Company, 
plates 
Allyn House, Hartford, dinners, cigars, and 
W. N. Hughes, printing 
Willard Kent, salary to March 31 
Willard Kent, expenses 
L. S. Cowles, expense committee on engineering 
Bacon & Burpee, reporting January, February, 
March, and Aprilmeetings. ....... 
Miss J. M. Ham, salary for April. ...... 
W. N. Hughes, printing 
D. Gillies’ Sons, printing 
Chas. Dunkelberger, printing 
Wm. F. Woodburn, stationery 
Suffolk Engraving and Electrotyping Company, 
Boston Society of Civil Engineers, rent to May 31, 
Miss J. M. Ham, salary for May 
Richard K. Hale, salary to June 30 
Richard K. Hale, express and postage. . . . . 
D. Gillies’ Sons, printing 
Samuel Usher, printing list of members and 
constitution 
R. J. Thomas, salary to June 30 
Providence, Fall River and Newport Steamboat 
Company 
S. 8: Atwell diners 
Geo. A. King, expense conference on Uniform 
Accounting 
Irving S. Wood, expenses for June outing 
D. Gillies’ Sons, printing 
Suffolk Engraving and Electrotyping Company, 
Samuel Usher, June JouRNAL and reprints. . . 
Miss J. M. Ham, salary for June 
Pulsifer Paper Company, printing 
Willard Kent, salary to July 1 


Amount carried forward 


Amount brought forward. ........ 


$2 245.69 


7.25 


150 
1 006.85 
2.68 

13 
193.58 
16 62.00 

15.00 
: 131.30 
May 12 18.50 
14 4.00 
5.60 
28 
1.28 
50.00 
69.90 
75.00 
8.70 
6.00 
175.50 
74.25 
39.40 
July 5 26.75 
9.41 

3.50 

2 

50.00 
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Amount brought forward. ........ 


July 18 Willard Kent, expenses ........... 5.00 
30 Suffolk Engraving and Electrotyping Company, 

August 5 Miss J. M. Ham, salary for July 50.00 
18 Suffolk Engraving and Electrotyping Company, 

31D. Gillies’ Sons, printing circulars ...... 10.25 

W.N. Hughes, envelopes .......... 3.75 

Miss J. M. Ham, salary for August... .. . 50.00 


September 28 Richard K. Hale, salary to September 30 .. . 75.00 
Richard K. Hale, copyright September JourNAL, 1.00 

October 5 R. J. Thomas, salary advertising agent to Sep- ‘ 


W. N. Hughes, envelopes and printing .... 49.50 
Miss J. M. Ham, salary for September ... . 50.00 
W. F. Woodburn, fittings for exhibit ..... 34.41 
Willard Kent, salary toOctober1 ...... 50.00 
Samuel Usher, reprints ...... 32.74 
k Bacon & Mudge, report of annual convention, 110.00 
26 American Society of Civil Engineers, binding, 4.00 
Boston Badge Company, badges ....... 51.80 
W..N. Hughes, envelopes .......... 45.00 
Wm. E. Whittaker, tracing and lettering . . 2.50 
“November 2 The Evening Post Job Printing Office, decteo- 
Suffolk Engraving and Electrotyping Company, 
Samuel Usher, September JourNaL . . . . . . 277.65 
10 Miss J. M. Ham, salary for October ..... 50.00 
Miss J. M. Ham, expenses. ......... 85.01 
W. N. Hughes, printing circulars ....... 5.00 
Suffolk Engraving and Electrotyping Company, 
23 D. Gillies’ Sons, printing .......... 29.50 
The Brunswick, lunches, November9 .. .. . 184.50 
December 9 Miss J. M. Ham, salary for November .. . 50.00 
Suffolk Engraving and Electrotyping Company, 
19 Lewis M. Bancroft, salary as treasurer . . 50.00 


Boston Society of Civil Engineers, rent to De- 


151 
= 
$5 095.22 
Amount carried forward . ...... . .$6 831.10 
3 
> 


PROCEEDINGS. 


Amount brought forward 

Bacon & Mudge, reporting November and De- 
cember meetings 

Miss J. M. Ham, salary for December 

The Brunswick, lunch, music, and cigars, De- 
cember meeting 

H. K. Higgins, stereopticon 

W. N. Hughes, printing circulars 

Willard Kent, salary to December 31 

Willard Keni, expenses 

D. Gillies’ Sons, circulars and ballots 


SUMMARY OF BILLS 
1909 Bills Paid. 


Editor’s salary and expenses 
Advertising agent 


JOURNAL: 


Advertising agent 


152 
$6 831.10 
December 31 
49.50 
50.00 
195.00 
12.00 
1.50 
50.00 
10.00 
- $7 237.60 
Office: 
—— $161.83 
JOURNAL: 
—— 
——— $1 264.45 
1910 Bills Paid. a. 
Envelopes and circulars ......... 652.25 
—— $2 473.50 
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Office: 


Assistant Secretary, salary 
Assistant Secretary, expense 


Meetings and Committees: 
Stereopticon 
Lunches, cigars, and music 
Badges 
June excursion 
Committee on Engineering Building 
Committee on Uniform Accounts 
Committee on Exhibit 
Envelopes and postage 
Printing 


Treasurer’s salary and bond 


Stationery 
$5 973.15 


$7 237.60 
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Printing, stationery, postage... .... 200.25 
= —— $1 824.99 

51.80 
15.00 
39.40 
34.41 
98.85" 
——— 1520.44 
67.50 
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The Secretary, Mr. Willard Kent, submitted the following 
report: 


REPORT OF THE SECRETARY. 


Mr. President and Members of the New England Water Works 
Association, — Your Secretary submits the following report of 
the general condition of the Association and of changes in the 
membership for the year ending December 31, 1910. 


MEMBERSHIP. 


The present membership of the Association is 747; that of one 
year ago was 715, a gain of 32 during the year. 

The detailed statement of the changes in membership during 
the past year in the several grades is as follows: 


January 1,1910. Total members. ........... 
Withdrawals: 


Two members elected in 1909, but 
qualified in 1910 ....... 


Reinstated: 
Member dropped in 1907 ... . 
Members dropped in 1909 . . . 
Member resigned in 1909 ... . 
Members dropped in-1910 


MEMBERS, 

= Died 

2 — — 6007 

Initiations: 

December uu 251 
2 
4 — 

' 
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HONORARY MEMBERS, 


January 1, 1910. Honorary members ..... 


ASSOCIATES. 


January 1, 1910. Total associates 
Withdrawals: 


Associate resigned in 1905 
Associates dropped in 1910 


January 2, 1911. Total membership 


DIED. 
Gilderson, superintendent water works, Haverhill, March 14, 1910. 


Goodell, water commissioner, Buchngton, Vt., October 9, 1909. 
liam Jackson, city engineer, Boston, Mass., June 30, 1910. 
H. Rollins, water commissioner, Watertown, Mass., July 20, 1910. 
P. Simin, civil engineer, Moscow, Russia, July 17, 1909. 


D: 

W. J. Goldthwait, Marblehead, Mass., December 7, 1909. 
J. W. 


il 
Cc, 
N. 


SUMMARY OF RECEIPTS OF THE NEW ENGLAND WATER WORKS ASSOCIATION 
FOR THE YEAR 1919. 


; 
; 
Dropped 5 9 
— £6 
Initiations: 
7 
Reinstated: 
2 3 «56 
$6 319.46 ae 
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SUMMARY OF DISBURSEMENTS CERTIFIED BY SECRETARY FOR THE YEAR 1910. 


On account of JouRNAL 
Stationery and printing 
Assistant Secretary 
Incidental expenses 


Advertising agent 

June excursion 

On account of stenographer 
Reprints 

Hotel lunches © 
Stereopticon 


Total of bills certified by Secretary 
Additional bills paid per Treasurer’s report 


There is due the Association: 
Specifications 
Advertisements 


There are no outstanding bills against the Association. 
WILLARD KENT, Secretary 


$7 237.60 

$39.35 
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The Editor, Mr. Richard K. Hale, submitted the following 
report: 


REPORT OF THE EDITOR. 


Boston, January 11, 1911. 


To the New England Water Works Association, —I present the following 
report as editor of the JouRNAL or THE NEW ENGLAND WaTER Works 
AssocraTIon for the year 1910. 

The accompanying tabulated statements show in detail the amount of 
material in the JouRNAL; the receipts and expenditures on account of the 
Journat for the past year (including the cost cf the December JourNaL and 
reprints, bills for which were received too late to pay in 1910, and which are 
consequently not included in the Secretary’s and Treasurer’s statements); and 
a comparison with the conditions of preceding years. 

Size of Volume. — The volume is considerably larger in total pages and 
pages of text than that of any preceding year. 

Illustrations. — The total cost of illustrations for the year, including print- 
ing, has been $127.11, or 3.7 per cent. of the gross cost of the volume. 

Reprints. — The usual fifty reprints of papers have been furnished to 
authors without charge. There have been no advance copies of papers 
prepared during the year. The net cost to the Association for reprints and 
advance copies has been $143.74 (assuming that the December reprints 
chargeable to members are promptly paid for). 

Circulation. — The present circulation of the JouRNAL is: 


an increase of 25 over the preceding year. 

Advertisements. — The December issue contained 27 pages of .paid adver- 
tising, which, if maintained throughout the year, would mean an annual 
income from this source of $1 870. A year ago the figures were 23} pages and 
$1 640, showing considerable increase during the year. 

Pipe Specifications. — During the year the specifications for cast-iron pipe 
to the value of $43.55 have been sold. Five hundred copies have been printed, 
at a cost of $27.50, representing a net gain of $16.05 for the year. The net 
gain up to a year ago had been $191.20, so that the total net gain from this 
source to date is $207.25. There are still about one hundred and forty-eight 
copies of specifications on hand, or about $14.80 worth if sold at retail. 

The Association has a credit of $0.98 at the Boston Post-office, being the 
balance of the money deposited for payment of postage upon the JouRNAL at 
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pound rates. There are no outstanding bills against the Association on 
account of the JouRNAL, which are not included in these tables. 
Respectfully submitted, 
RICHARD K. HALE, Editor. 


TABLE No. 1. 


STATEMENT or MarTerraL IN VOLUME XXIV, JouRNAL OF THE NEW 
ENGLAND WATER Works Association, 1910. 
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TABLE No. 2. 


ReEcEIpts AND EXPENDITURES ON AccouNnT or VoLUME XXIV, JouRNAL 
oF THE New ENGLtAND Water Works Association, 1910. 


Receipts. Expenditures. 


From advertisements . . ; For printing JouURNAL . . 
From sale of JouRNAL. : : For preparing illustrations, 
From sale of reprints . . i For editor’s salary . 
Subscriptions é For editor’s incidentals 
——— For advertising agent’s 


Net cost of JourNaL . . ; For advertising incidentals, 
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Report oF AUDITING COMMITTEE. 
Boston, January 11, 1911. 
We have examined the accounts of the Secretary and Treasurer of the New 
England Water Works Association, and find the books correctly kept and the 
various expenditures of the past year supported by duly approved vouchers. 
While the gross income has shown an increase of some twelve hundred 
dollars, the expenditures have increased in a still greater ratio, and the assets 
of the Association show a decrease of about seven hundred dollars. ; 
Respectfully submitted, . 
JOHN C. CHASE, 
GEORGE H. FINNERAN, 
Auditing Committee. 


On motion of Mr. Stacy, it was voted that the reports of the 
Secretary, Treasurer, Editor, and Auditing Committee be accepted, 
placed on file, and printed. 

Mr. Charles W. Sherman, chairman, presented a report from 
the committee “on information as to the conditions under which 
extensions of water mains are made by town-owned water sup- 
plies.” 

On motion of Mr. Bancroft, it was voted to accept the report 
and to discharge the committee. 

Mr. King, the retiring President, at this point made his annual 
address. 


PRESIDENT’S ADDRESS. 


MEMBERS OF THE NEW ENGLAND WATER WoRKS ASSOCIATION: 
Gentlemen, — At this meeting you expect and are entitled to 
receive from your officers a record of their stewardship. This 
has been given you. Reference to a few matters may be pertinent. 
Our membership has increased in numbers 32 during the year, — 

a gain of 1 in the associate list and 31 in the active list. The 
balance is on the right side, and therefore we may take a hopeful 
view of the condition; but a gain of 5 per cent. annually is not 
what it should be. It can be increased only by individual effort. 
The report of receipts and expenditures shows a draft on our 
surplus to pay current expenses. The overdraft will be greatly 
-reduced when a balance sheet is struck off after the issue of the 
December JouRNAL, the cost and receipts for which justly belong 
in the accounts of 1910. 
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This association has, during the year, been in conference with 
other organizations in several important matters. 

We were invited to be represented by a delegate in the Boston- 
1915 Movement, and Vice-President McInness was selected eos the 
position. 

The movement for erecting a building for the er Oe of 
the various scientific and technical societies in Boston received 
fresh impetus early in the year and, under the leadership of 
Professor Hollis, representing the Mechanical Engineers, has con- 
tinued its activities throughout the year. Vice-President Metcalf 
is our representative on the general committée. 

A conference on “ Uniform Accounting for Water Works ” was 
held at Washington in May, at which this association was repre- 
sented by its President. A report was agreed upon which has not 
been published. The final draft of the report was left in the 
hands of a committee, and it is understood that they are revising 
certain technical features. The result of this conference will 
probably tend to bring the various state authorities to more 
uniform methods in their demands for accounting by the different 
works under their jurisdiction. 

Delegates were appointed to represent this Association at the 
Conservation Congress at St. Paul, and their report was given, at 
the annual conv. ation in Rochester. 

The success of the special meeting in Hartford in April may be 
largely attributed to the work of the local members. It was an 
experiment worthy of repetition. 

In one matter I was unable to convince the Executive Committee 
of the desirability of a change I advocated. Being strongly con- 
vinced of the soundness of my position, I wish to make it a matter 
of record. An organization, with members scattered all over the 
world, and seven hundred in number, doing a publishing business of 
$3 000 per year, should, I believe, be incorporated. 

I wish to express here my deep appreciation of the loyal, efficient 
work of the members of the Executive Committee and to acknowl- 
edge that to them belongs the credit for any measure of success 
attained during the year, also to express my thanks to the nembers 
of the Association for their many kindnesses. 

Early in the year I conceived the idea of collecting data, hoping 
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at this time I might interest you by giving a glimpse into the 
field of water-works activities in 1910. 

It can be but a glimpse, as time would not permit to give even 
a list of the places where new systems are being constructed, where 
radical and extensive changes in old works are being made, where 
high-pressure fire systems are being planned, where larger pumping 
plants are being installed, where a revision of rates is being agi- 
tated, where a more complete system of metering is demanded, 
and where purer water through some method of sterilization or 
filtration is a necessity which is being cared for. The wealth of 
material makes the labor of eliminating enough to bring this 
address within the time at our disposal a most difficult task. Only 
the largest undertakings and those of the best-known localities 
can be mentioned unless some special feature seems to demand it. 
The material here presented is from printed articles in engineering 
and technical literature, and is not given from first-hand in- 
formation. Conflicting articles have prevented the use of some 
material. With these general statements let us turn to some of 
the work going on abroad. . 

In the early part of the year the Prince of Wales (now King 
George) turned on the additional sources of water supply which 
marked the completion of the Vrynwy water scheme for Liverpool 
and the suburban district of 215 sq. miles outside the city. 

The scheme was sanctioned by Parliament in 1880. To carry 
it out, villages, schools, and churches had to be demolished, and 
their site submerged some 80 ft. A reservoir was built containing 
more than 12 thousand million gallons. An aqueduct 68 miles 
long was constructed, and mountains have been tunneled to 
bring the water of two other valleys to this reservoir. The total 
cost has been £3 000 000. 

London is just completing a reservoir for storage of water from 
the river Lea. The reservoir is two thirds of a mile wide and a 
mile and two-thirds long, and to guard against damage by large 
waves it is divided into two sections by a wall. The bed of the 
reservoir is in clay and the sides lined partly with brick and partly 
with cement. It cost $2750000. London has 62 other reservoirs 
with capacity of 8913 million gallons which will supply the city 
39 days. The new reservoir will add 13 days’ supply. 
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The Metropolitan Water Board of London will ask sanction of 
Parliament for a scheme to provide a series of reservoirs in the 
Thames Valley. It will require twenty years for their construction 
and they will cost $55 000 000. ; 

Works which have cost $20 000000 were recently opened in 
Vienna by the Emperor Francis Joseph with impressive ceremonies. 
The supply is brought 100 miles, from “ delicious Alpine springs ” 
at a height of 6 000 ft. above the sea. It requires forty-eight hours 
for the water to reach the city. Vienna claims it has the best 
water supply in the world. : 

In Granada the old system of water supply, which through 
neglect has long refused to work, has been repaired under Senor 
Crudaye, an architect, and the famous fountains in the Alhambra 
are playing again. 

Jerusalem, with 80000 inhabitants, depends almost entirely 
on rain for water supply, which is about 27 in., and this is stored on 
roofs in cisterns. Various efforts have been made since King 
Solomon’s time to secure a supply for the city. There are three 
reservoirs known as Solomon’s Pools about seven and one-half 
miles nearly south of the city, which will hold 3 000 000 gallons of 
water. These are filled with water from the hills in rainy weather. 
From these pools a masonry aqueduct built by King Solomon 
carried water to the temple at Jerusalem; at one point it runs 
through a mountain in a tunnel. In the sixteenth century this 
was remodeled by Mohammedans. 

In the second century the Romans had an ambitious scheme to 
bring water through an aqueduct some 20 miles long, but seemed 
unable to finish it. In 1901, the authorities, aroused by serious 
shortage, repaired King Solomon’s aqueduct, using iron pipe in 
places. The supply is but a trifle to the city’s need. Parliament, 
in Constantinople, granted the municipality a right to appropriate 
hides of all animals slaughtered in Jerusalem as a tax to produce 
a fund with which a water supply could be secured. The city 
proposes to make a large loan and to repay it by this tax and 
receipts for water. A Bremen firm has made a proposition, now 
under consideration by a committee of the city government, to 
pump Ain Farrah water into Jerusalem, piping each house and 
charging for same 1.25 francs (about 24 cents) per cubic meter. 
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To any one paying in advance 1 500 francs, they offer to furnish 
one cubic meter per day for thirty years. About 75 cu. m. are 
allowed to the city free and the balance at half price. The whole 
work is to become the property of the city in thirty years. 

An elevated reservoir has been under construction at Calcutta. 
The city has been supplied by direct pumping. There was diffi- 
culty in designing a reservoir as it must rest on the crust of earth 
not more than 20 ft. thick underlaid by soft silt and must be built 
to resist earthquakes, although these are not very severe there. 
’ The reservoir built is a steel tank 320 ft. square, 16 ft. deep, and 
raised 90 ft. above the ground on steel columns. The column 
footings consist of a reinforced concrete bed 340 ft. square and 2.5 
ft. thick; in some places short piles were driven. The structure and 
contents weigh about 70 000 tons, or a pressure of about 1 200 lb. 
per square foot. 

Pekin’s 600 000 inhabitants, until the present year, never had 
a public water supply. Since the foundation of the city in the 
thirteenth century, they have depended on private wells, which 
for many years have been fertile sources of disease. 

A few months ago a local company of Chinese got together a 
capital of $2 000 000, and city works were built. Water is obtained 
from a mountain stream 10 miles northeast of Pekin. It is carried 
to settling tanks, then filtered through river sand and finally 
pumped to three city reservoirs with combined capacity of 
1 200 000 gal. The daily capacity of the plant is 3 500 000 gal. 
A curious method of delivery is in use; the water runs from a 
water tower to 420 street hydrants, each manned by a coolie, 
where it is retailed at so much per quart or gallon. 

Twenty progressive consumers have had pipes carried directly 
to their premises, where meters are installed. The rate is 20 cents 
per 1000 gal. The company is now endeavoring to popularize 
bathing, to increase the trade in water. 

An increased supply of water for Honolulu has been obtained 
by the building of the largest dam on the island at a cost of 
$300 000. The new dam, which is known as the Nuaun, will 
impound enough water for many months’ supply for the city. 

_At the celebration of the Mexican Centennial of Independence 
on September 21, in the presence of a large gathering of officials 
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and guests, a new water system for Mexico City was inaugu- 
rated. 

An additional supply for Vancouver, B. C., was necessitated by 
the rapid increase of population. Water will be taken from Sey- 
mour Creek, 7 miles above its mouth, at an elevation of 465 ft. 

-above the sea. The pipe line has four and one-third miles of 30-in. 
and 36-in. wood stave pipe and the rest is made of lap welded 
steel pipe. A distribution reservoir of 24000000 gal. capacity 
will be built at an elevation of 395 ft. above the sea. The bottom 
and side slopes are to be of concrete. 

The Pacific coast of our country has been the scene of unusual 
activity in water-works matters. The Los Angeles project, 
probably exceeded in magnitude by only one other in the world, 
has been pushed and is now nearing completion. Little of the 
work is done by contract but is done by the men employed directly 
by the city. Early in the year a delay was occasioned by a failure 
in the furnishing of money by the sale of the bonds, and nearly 
the entire force was laid off for a time. 

We get but a faint idea of the magnitude of this scheme.when 
we are told that 240 miles of aqueduct are to be built at a cost of 
$24 500 000, and that an estimate of the quantity to be obtained is 
260 million gallons per day. Some of the items help us in our 
attempt to conceive its vastness. Five thousand men have been 
employed upon the work this year, 80 000 acres of land have been 
bought, 500 buildings have been erected, 240 miles of telephone 
and 230 miles of road constructed. A cement mill has been 
equipped, capable of turning out 1000 barrels per day. The 
Southern Pacific has a contract to convey 20000000 ton-miles. 
The courage and confidence in their future is manifest in the vote 
of the city endorsing the scheme, which was virtually to tax them- 
selves $88 per capita. The vote stood 21 918 in favor and only 
2 128 against the project. 

San Francisco, on January 14, 1910, voted on two propositions 
for a water supply which would lead to a change from private to 
municipal ownership of system. The vote was by a large majority 
in favor of the Hetch Hetchy project. The permission granted 
the city for the use of this valley by former Secretary of Interior 
Garfield has been suspended and final decision postponed until 
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May 1, 1911. Meantime measures looking to a compromise so 
that the city may buy the Spring Valley Water Company property 
are under consideration. 

A proposition of the People’s Water Company to sell its entire 
holdings to the city of Oakland, Cal., for $18 500000 has been 
before the city council of that city. The district, served by this 
company includes Oakland, Berkeley, Alameda, Richmond, 
Pinola, San Pablo, San Leandro, and several smaller towns. The 
above proposition has stirred to vigorous action a rival company, 
the Bay Cities’ Water Company. Fifty canvassers have been at 
work for the latter company, and the people are said to be signing 
contracts for the water by the thousands, and the water problem 
for the east side of San Francisco Bay is said to be solved. 

At Seattle, Wash., improvements are in construction, with others 
in contemplation. Seattle expects to secure as large a supply of 
pure water as Los Angeles at about one third the cost. 

At Portland, Ore., a third water main under the Willamette 
River is about to be laid which will increase the city’s supply by . 
50 000 000 gal. per day, at a cost of $125 000. 

The question of a municipal supply for Denver, Colo., is agitating 
that city. The Denver Union Water Company ask $14 400 000, 
the appraised value, for their plant which the public utilities com- 
mission says is worth but $6 405 000. The voting taxpayers have 
refused a renewal of the franchise of the company. A suit has been 
filed in the interest of the company-in the United States District 
Court asking an injunction to restrain the city from holding an 
election to authorize an $8 000 000 bond issue for the construction 
of new works. 

After eight years of litigation, Omaha, Neb., has voted to buy 
the works of the Omaha Water Company at the valuation of the 
appraisers. Its vote has been sustained by the court, and the 
company must accept the amount of the appraisal, $6 263 295, 
although the company’s stock and bonds represent $11 750 000. 

Work upon the intake tunnel for the Buffalo Water Works, 
begun some three years ago, has continued and is nearing comple- 
tion. This tunnel is about 11000 ft. long. Buffalo has spent 
upwards of $3 000 000 in the improvement of the works. 
Baltimore, Md., has adopted a plan of improving her water 
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supply at an estimated cost of $6 630000. A new reservoir is to 
be built in Gunpowder Valley. Coagulating and settling basins 
will be built and used with sand filtration. ; 

The biggest water-works scheme in the world is that under 
construction for Greater New York. This project was organized 
in 1905, but construction work was not begun until February, 
1908. Briefly, the project is to impound water in the valleys near 
the Catskill Mountains and bring it about 92 miles to New York 
at a cost of $162 000000. It is expected the supply will be 500 
million gallons per day. The impounding dam, known as the 
Olive Bridge dam, is being built and is said to be second in size in 
the world. It will impound 127 thousand million gallons. About 
one half of the work on this project is now under contract. The 
Ashokan Reservoir on the Esopus Creek is now under construction. 
It will be 12 miles long and one to two miles wide. 

In this scheme there are 35.4 miles of pressure tunnels and 
13.8 of gradient tunnels. Work is in progress upon several of 
these tunnels. At one of them, the Wallkill, the contractors have 
established a hospital to accommodate 18 patients and employ a 
resident surgeon. There are said to be 11 000 men at work upon 
the whole scheme and 270 policemen are employed for the protec- 
tion of persons and property. 

In connection with this scheme a deep rock pressure tunnel for 
the distribution of the water to various parts of Greater New York 
has been adopted. This tunnel, as planned, will be 17.5 miles long 
and 200 ft. below the surface of the street. It will cost from 
$25 000 000 to $50 000 000. Contracts are about to be executed 
for this work. 

Wewould belie our name if no New England work was mentioned. 
Pittsfield, Mass., has authorized an extension of the system of 
suppy to cost $500 000. A stone and concrete dam will be built 
to store 440 000 000 gal. 

Springfield, Mass., early in the year began to use the water of 
their new supply taken from the Little River in Westfield. 

Portland, Me., is rebuilding its works. The contract has been 
let for laying 14 miles of main. The cost will be nearly $1 000 000. 
The contractor is said to be using machinery in excavating for 
the pipe trenches. 
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Power and Pumps. 


We note almost innumerable instances of pumping plants 
undergoing changes and having additions made to them. Frequent 
mention is made of gas-producer plants, gas engines, and electric- 
driven pumps. The latter is not confined to the smaller pumps, 
twelve million gal. daily are pumped with electric pumps in Duluth 
and one of 20000000 gal. capacity is recommended for Minne- 
apolis. Gas-producer plants have been rapidly increasing in 
number and in amount of power produced. During 1909, their 
power was nearly doubled and the number of plants increased 
70 per cent. The same increase for 1910 is probable. The steam 
turbine is being widely used. 

An engine advocated as a valuable auxiliary of the steam tur- 
bine is the rotary. Several working models of these engines have 
attracted considerable attention during the year, and their in- 
ventors claim that they have perfected a practical engine. For 
more than one hundred and twenty-five years inventors have 
attempted to build a successful engine of this type and it is said 
that Westinghouse has spent three quarters of a million dollars 
in the endeavor to produce one. Tests have recently been made 
with rotary engines of 20 h.p. to 25 h.p. with gratifying results. 
Whether engines of large horse-power of this type can be built, 
remains to be developed. Some of the advantages claimed for 
this type are the small space they occupy and the small amount of 
vibration as well as economy of power. 


Tanks. 


Reinforced concrete is being more and more used in building 
tanks and standpipes. The pictures of those being built empha- 
size the variety of forms which this material allows. We find the 
plain round tank whose bottom is on the ground and which has 
an open top and the tank on concrete pillars 112 ft. high which has 
a concrete roof. Concrete reservoirs, both open and covered, 
are being built all over the country. The Southern Pacific Rail- 
road are building tanks to hold 60 000 gal. These have a bottom 
supported by a dome built of reinforced concrete. 
At Syracuse, a handsome standpipe of steel with an outside 
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protecting wall of vitrified brick and artificial stone has been 
built. 
High-Pressure Systems. 

An emergency high-pressure service has been put in operation 
at Jacksonville, Ga. It has five miles of mains from 8 ‘a. to 20 in. 
in diameter. It uses electric motor driven pumps. 

Oakland, Cal., has completed a salt-water fire protection system 
giving a pressure of 150 lb. per square inch at hose nozzles. The 
part of the system now built encircles seventy blocks in the busi- 
ness district. 

The high-pressure fire main service has been extended in the 
northeast or mill section of Philadelphia. The mains are from 
10 in. to 20 in. in diameter and there will be 300 lb. working press- 
ure when in service. This system is claimed to be the most com- 
plete and powerful fire-fighting apparatus in the world. It is 
estimated to cost $2 000 000. 

Camden, N. J., has authorized the issuing of bonds to the 
amount of $400000 for an auxiliary water plant for fire and 
commercial purposes. 

Cleveland, Ohio, is considering the installation of a high-pressure 
pumping station. High-pressure mains have already been laid 

‘which are supplied with water by tug boats. Toledo, Ohio, 
Joliet and Bloomington, IIl., are considering the installation of 
high-pressure mains for fire protection, and extensive additions 
are being demanded in Boston, Mass. 

Six hundred thousand dollars is being spent in Baltimore, Md., 
for a- high-pressure fire system capable of supplying 29 000 gal. 
per minute. It is designed so as to take its supply either from the 
city’s mains or from the river, the latter to be used in an emergency. 
The mains are lap welded, soft, open hearth, steel pipe. It is 
usually laid in 20-ft. lengths, although one piece of 10-in. pipe 
117 ft. long has been laid. 


Electrolysis. 


Troubles from electrolysis have not been reported during the 
year to any great extent. 

It is reported that in Houston, Tex., large mains in the business 
section have been replaced as they have been destroyed by the 
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underground currents of electricity. Mention is made of similar 
trouble at Elyria, Ohio, and Tusla, Okla. 

A suit for an injunction to prevent the Central Railway Company 
of Peoria, Ill., injuring by electric currents the property of the 
Peoria Water Works Company, has been tried and the verdict 
rendered. The master’s report indicated a complete victory for 
the water company. The master’s report was not sustained by 
Judge Sanborn of the United States Circuit Court. The decision 
of the judge, while in a way a compromise, seems to favor the 
street railway rather than the water company. 


Meters. 


It is reported that in one of our large cities where meters are 
being extensively installed some large increases have been noticed 
in water bills. Two cases are cited, in each of which an annual 
flat rate charge of $16.50 had been collected. After metering, in 
one case the charge for three months was $57.60, and in the other 
for the same period $96: One real estate owner was so indignant 
over the increase that she ordered the water shut off and the build- 
ings torn down. 

The desirability of installing meters is being considered in a 
large majority of the municipally owned.works not now metered. 

Scranton people are happy in the fact that.they have not suffered 
from shortage of water, and attribute it to the saving occasioned by 
the use of meters. A suit in this city to recover for a bill for metered 
water was contested on the ground that the bill was too large and 
that the meter was ‘ working double.” The water company 
proved the accuracy of its meter and obtained a verdict in its 
favor. 

At Houston, Tex., a reduction in rates of 50 per cent., and the | 
probability of another reduction soon, is attributed to the use of 
meters. 

The largest claim noted of the benefit to be obtained from the 
use of meters is the reported statement of a prominent engineer 
to one of our large cities that the water consumption would be 
decreased 100-per cent. by the use of meters. It is a fair statement 
that meters ‘“ protect the innocent, punish the offender, lessen the 
cost of operating the plant, and conserve the water supply.” 
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Rates. 


A spirit of unrest seems to prevail all over the country in regard 
to proper rates for use of water. The methods employed to de- 
termine rates are varied and some are unique. The tendency, as 
stated, is very general toward meterage. For metered water, . 
prices have been*quoted during the year from two to forty cents 
per thousand gallons. Hydrant rentals paid private companies 
are from $2.50 per hydrant, in San Francisco, to $65 for the first 
100 hydrants and $50 for the balance, in Vicksburg, Miss. With 
the advent of total meterage will come more scientific methods of 
determining rates. The decisions of the Wisconsin Railroad Com- 
mission, which is practically a public utility commission, and the 
methods used by it, are forerunners of what may soon prevail in 
all the states. Its decision in the case of the Ripon Light and 
Water Company is worthy of study. 


Collection of Rates. 


We note that in two instances the plan of shutting off the 
supply of delinquents has been forbidden by boards of health on 


sanitary grounds. 
Waukegan, IIl., water department will post the names of 
delinquents of two years’ standing. 


Consumption. 


The conditions in different places vary so largely that without 
full knowledge we cannot make fair comparisons. We notice two 
cities claiming the largest consumption in the United States: 
Ann Arbor, Mich., with the amount not given; and Spokane, 
Wash., with a consumption of 289 gal. per capita per day. The 
latter claim also to be furnishing water cheaper than any city in 
the United States. 

The consumption of Buffalo, N. Y., is reported as 300 gal. per 
day. 

Care of Watershed. 

When asked if the water of certain springs was pure, an old 
negro replied, ‘“‘ Yessum. Dis.var water has been scandalized by 
de best phrunologers in de lan’, and dey say, dey do, as how it 
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muntain ten parts er oxhide acid, ten parts er cowbonic acid, and 
de balance am clar hydrophobia — Yessum.” To secure this pure 
water is one of the great problems of the day. 

More and more attention is being paid to the sanitary conditions 
of the watersheds. On many of them inspectors are constantly 
patrolling, and on some, land purchases are being made. We 
notice Newark, N. J., has paid $52 000 for one tract of 328 acres, 
and $12 000 for another of 600 acres. We note that a judge has 
refused the application of a party desiring to keep a hotel on this 
watershed. Improvements on the watershed of the supply of 
Mt. Vernon, N. Y., are demanded. North Adams, Mass., has 
appropriated $20 000 for purchasing land on the watershed of its 
supply. Rochester, N. Y., has procured about all the land about 
Lake Canadice. Atlantic City has expended more than $350 000 
in securing the watershed of its supply and has purchased over 
6000 acres. In many instances, the care of the watershed is 
insufficient and some means of treating the water becomes 
necessary. 

Filtration. 

The old method of sand filtration is still being installed, even 
outside of Massachusetts. It is frequently supplemented by some 
chemical as coagulant or sterilizer being introduced prior to the 
filtration. This method is proposed for Baltimore. Sixteen sand 
filters are in process of construction for Reading, Pa. Niagara 
Falls, N. Y., will use sand filters to filter 15 000 000 gal. per day. 
Sand filters are under construction for Toronto whose daily 
capacity will be 35 000 000 gal. 

Hypochlorite of lime is being much used in water sterilization. 
Omaha, Neb., began its use early in 1910 and is sterilizing 27 000- 
000 gal. daily. It is about to be tried if not already in use in 
Kansas City, Mo.; Milwaukee, Wis.; Bridgeport, Conn.; and 
for part of the Croton supply for New York. 

Mechanical filtration is being installed in many places, among 
them is Bangor, Me.; Atlanta, Ga.; Rock Island, IIl.; and 
Montreal, Quebec. Newport, R. I., has just completed a plant. 
Whether or not this system will be installed in Lynn, Mass., is 
still undecided. 
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Ozone. 


The use of ozone for water sterilization still continues. It seems 
to be successfully used in France. At Nice they have completed 
two plants with a total capacity of 10000000 gal. per day and 
have another under construction. As the ozone is produced by 
electricity, the process is frequently mentioned as an electric 
treatment. The failure of this treatment at Lindsay, Ont., seems 
to have been due to the fact that the ozone and water were not 
properly mingled, and not from failure to produce ozone. An 
experiment at Ogdensburg, N. Y., failed to remove the color of 
the water. : 

An ozone sterilization plant for treating daily 10000000 gal. 
filtered water from the River Marne (a highly polluted stream) is 
under consideration for Paris. It is said the cost of treatment has 
been $6.67 per 1 000 000 gal. 


Ultra-Violet Rays. 


Some very interesting laboratory experiments with ultra- 
violet rays from a quartz-tube mercury are lamp have been made 
‘in Paris. The use of these rays for such purposes has been known 

since 1877, but only recently has their use been attempted for 
disinfection of water in any large quantities. These experiments 
show that their use begins to look feasible. About a year ago, the 
city of Marseilles opened a competition to various mechanical 
filtration concerns. At the end of the tests, the city proposed to 
decide which method it would adopt for purification of its water 
supply. Each company was required to install, at its own expense, 
a plant of sufficient size to purify 52 840 gal. of water every twenty- 
four hours. As a result of this test, the ultra-violet ray system, 
with a preliminary treatment through roughing filters, was ac- 
cepted. In the apparatus used, the water was required to pass the 
lamp three times. The cost of sterilization was about $10 per 
million gallons, and in 8 tests where an aggregate of 1 700 B. coli 
per liter were found before treatment, none were found after, and 
98.3 per cent. of other bacilli were removed. Cleveland, Ohio, is 
considering a trial of this method. 

Filtration plants at Wilmington, N. C.; Grand Rapids, Mich.; 
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and Minneapolis, Minn., are under construction, and Toledo, 
Ohio, has but recently put one in operation. The plant at Wil- 
mington, Del., is stated to be the “ most sitesi filtration plant 
_ in the world. ” 

At the city of Farlington, England, the Portsmouth Water 
Company have a slow sand filtration plant in which the filters are 
in part located on top of the storage reservoir. 

It may not be out of place to here mention that the Supreme 
Court of Minnesota has just handed down a decision in which it 
holds that municipalities in that state are liable in damage suits 
for the death of citizens who contract disease through drinking 
polluted city water. 

Several large claims have been in litigation for alleged unlawful 
taking of water. A decision in the case against the American 
Sugar Refining Company for stealing water at its Williamsburg 
plant has been rendered by Judge O’Brien, the referee. He 
awarded the city $525 000 and costs. 

The National Lead and Oil Company is accused of taking water 
to the value of $60 000 from the Water Company at Parnassus, 
Pa. Suit has been entered to recover the above, with damages 
set at $100 000. 

In Philadelphia, the id auigeeen mains have been unlawfuily 

tapped and one property owner has settled for $3 000. 


Accidents. 


It would seem to the writer that in the past year there had been 
an unusually large number of breaks in big mains, and breaks 
that have done serious damage. 

The breakage of a five-foot main threw 3 000 men out of work 
and did property damage to amount of $75 000, beside cutting off 
a town’s supply for several days. 

The breaking of a main in one city threw paving blocks as high 
as the house tops, and another city lost 8 500 000 gal. of water. 
In another city the breaking of the water main broke the gas 
main and filled it with water and sand. 

Asheville, N. C., had its supply main crushed by the fall of a 
big tree. Akron, Ohio, had a strange accident befall its works. 
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By the breaking ot a brick sewer, the sewer was plugged and the 
sewage overflowed from a manhole, ran down a hill a distance of 
more than one fourth of a mile, and flooded Summit Lake, the city’s 
source of supply. The lake had to be drained. 

Corona, Cal., has had its water supply materially increased as 
the result of an earthquake. 

Among the water items noted are, — that the divining rod and 
hydroscope are still used in searches for water supplies; that the 
women of Saginaw, Mich., to the number of 1 657, registered to 
vote upon the question of issuing bonds to the amount of $400 000, 
to build a water and filtration plant for the city. 

An unusual memorial is a system of water works, but the town 
of Thornton, Ind., has the distinction of having one. 

The entire system was the gift of Gen. Anson Mills, in memory 
of his father and mother. Water is raised from a 110-ft. well by 
an air-lift system, and delivered to a 20000-gal. underground 
concrete reservoir. A turbine centrifugal pump raises it to a 
steel 40 000-gal. tower, 80 ft. high. The machinery is operated 
by electricity. 

We have spoken of the large indies of places in which con- 
struction has been in process in 1910. In the ordinary course of 
affairs, one would naturally expect greater activity the coming 
year. The great drought which has prevailed over such a large 
extent of our country is likely to cause an unusual amount of 
engineering and constructing work in 1911. ° 

Let me close with this sentiment for the New England Water 
Works Association in 1911, — 

May it be the best year it has ever known, and the worst it will 


ever know. 


ELECTION OF OFFICERS. 


Mr. Charles W. Sherman submitted the following report of 
the tellers appointed to canvass ballots. 


President. 
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ELECTION OF OFFICERS. 


Vice-Presidenis. 


Additional Members of Executive Commiitee. 


Epwin A. FisHER 293 Wriiuiam E. Maysoury ... 
JouNn J. KiRKPATRICK ... 287 Oren E. Parks 


Finance Committee. 
JoHN H. WatsH 
GeorGE H. FINNERAN ... 285 E. Maysury 


The President thereupon declared the following-named gentle- 
men to have been elected officers for the ensuing year: President, 
Allen Hazen; Vice-Presidents, J. Waldo Smith, Leonard Metcalf, 
M. F. Collins, F. A. McInness, I. 8. Wood, and Morris Knowles; 
Secretary, Willard Kent; Treasurer, L. M. Bancroft; Editor, 
R. K. Hale; Advertising Agent, R. J. Thomas; additional mem- 
bers of the Executive Committee, W. E. Maybury, E. A. Fisher, 
J. J. Kirkpatrick; Finance Committee, G. H. Finneran, A. L. 
Sawyer, and J. H. Walsh. He then presented Mr. Hazen, who 
spoke as follows: 

Gentlemen, Fellow-Members of the New England Water Works 
Association: I feel very deeply the honor that you have conferred 
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upon me. I feel it more deeply because I believe that I am the 
first non-resident member who has ever been elected to this 
proud office. I looked yesterday through the list of my illustrious 
predecessors, twenty-eight of them, one for each year of the 
Association’s work. They have been and are representative men, 
leaders, men who have led the Association in its work to some 
purpose, and I am proud to have my name added to the list. 

I began my professional work in Boston. My shingle was hung 
out at 85 Water Street, where our editor now holds out. The 
work went well during those first two years in partnership with 
Mr. Noyes, who was elected President of this Association twenty 
years ago. It went well largely because of the wide acquaintance 
which Mr. Noyes had, and the universal respect and esteem in 
which he was held. Afterwards, finding myself alone in the world, 
and having found out something of the character of the New 
England Water Works men, I saw that they were too far along in 
the game to be fooled very long. [Laughter.| I knew it would 
only be a matter of a short time when they would find out how 
little I really knew about water works. ([Laughter.| So I looked 
around for some place where the game was easier, and I moved 
to New York. [Laughter.] Fifteen years afterward, I have only 
kind words to say of New York, but I want to say to you that I 
appreciate, more than I can tell, the many, many times that I 
have been called back to the home field to help you in your prob- 
lems, and I appreciate very much indeed what you have done for 
me to-day in conferring upon me the great honor that you can 
give. [Applause.] ; 
_ Mr. Cuass. Mr. President, I do not think it is ordinarily 
the thing to thank an official for doing his duty, but when he goes 
beyond it, I think there should be some notice taken of it. I 
think, therefore, that the thanks of this Association are due to the 
retiring President for the very able, exhaustive, and instructive 
address he has given us on the water-works engineering conditions 
in the country and in the world in the past year, and I move that 
our thanks be tendered to him for his address. [Applause.] 

The motion was put by Mr. Hazen and was enthusiastically 
carried. 
Adjourned. 
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FEBRUARY MEETING. 


Hote, BRUNSWICK, 
Boston, February 8, 1911. 


The President, Allen Hazen, in the chair. 
The following members and guests were present: 


Honorary MEMBER. 


Frederic P. Stearns. 


MEMBERS. 


S. A. Agnew, Kenneth Allen, C. H. Baldwin, A. F. Ballou, L. M. Bancroft, 
G. W. Batchelder, F. D. Berry, A. E. Blackmer, J. W. Blackmer, C. A. Bogar- 
dus, George Bowers, E. C. Brooks, G. A. P. Bucknam, James Burnie, G. A. 
Carpenter, J. C. Chase, R. D. Chase, M. F. Collins, E. D. Eldridge, A. N. 
French, A. D. Fuller, F. L. Fuller, Albert S. Glover, J. M. Goodell, F. H. 
Gunther, R. A. Hale, R. K. Hale, F. E. Hall, L. M. Hastings, Allen Hazen, 
E. W. Kent, Willard Kent, F. C. Kimball, G. A. King, J. J. Kirkpatrick, 
Morris Knowles, E. E. Lochridge, H. P. T. Matte, N. A. McMillen, A. E. 
Martin, H. A. Miller, F. L. Northrop, E. M. Peck, T. A. Peirce, Henry Roberts, 
A. L. Sawyer, W. H. Sears, J. E. Sheldon, J. Waldo Smith, W. F. Sullivan, 
C. N. Taylor, H. L. Thomas, R. J. Thomas, W. H. Thomas, J. L. Tighe, E. J, 
Titcomb, J. A. Tilden, W. H. Vaughn, G. E. Winslow, H. B. Wood. — 60, 


ASSOCIATES. 


Anderson Coupling Company, by C. E. Pratt; Builders Iron Foundry 
Company, by A. B. Coulters and George H. Lewis; Chapman Valve Manu- 
facturing Company, by H. L. Dewolfe; Darling Pump and Manufacturing 
Company (Ltd.), by H. H. Davis; The Fairbanks Company, by W. D. 
Cashin; Platt Iron Works Company, by F. H. Hayes; Hersey Manufacturing 
Company, by Albert S. Glover, J. A. Tilden and W. A. Hersey; Henry R. 
Worthington, by E. F. Nye; Lead Lined Iron Pipe Company, by T. W. 
Dwyer; Ludlow Valve Manufacturing Company, by H. F. Gould; Mueller ~ 
Manufacturing Company, by G. A. Caldwell; National Meter Company, 
by C. H. Baldwin, H. L. Weston, and J. G. Lufkin; Neptune Meter Company, 
by H. H. Kinsey; Pittsburg Meter Company, by F. L. Northrop; Rensselaer 
Valve Company, by F. S. Bates; A. P. Smith Manufacturing Company, by 
F. N. Whitcomb; Thomson Meter Company, by E. M. Shedd; Union Water 
Meter Company, by F. E. Hall; Water Works Equipment Company, by 
W. H. Van Winkle. — 24. 
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GUESTs. 


G. H. Abbott, treasurer Water Company, Southbridge, Mass.; I. 8. Hol- 
brook, Engineering Record, Clarence Goldsmith, E. T. Jonson, New York 
City; George W. Bowers, Lowell, Mass.; Anthony Flemming, John D. 
Hanachan, J. J. Desmond, Lawrence, Mass.; Frank Collins, White River 
Junction, Vt.; E. W. Priest, J. W. Mackenzie, Mansfield, Mass.; and 
.C. E. Batchelder, Boston, Mass. — 12. : 


Tue PresipENT. It is my sad duty to announce the death of 
one of our members, Professor Kinnicutt. He had been a member 
of the Association for some eighteen years, and was a man whom 
we have all known and loved, a man of great unselfishness, always 
working for the benefit of those about him and for the cause. 
The Association has suffered a great loss in his death. 

The Secretary then presented applications for membership 
from the following-named persons, all properly recommended, 

_and approved by the Executive Committee: Joseph N. McKernan, 
Plainville Conn., member Plainville Water Board; Clarence 
Goldsmith, New York City, hydraulic engineer, National Board 
of Fire Underwriters; C. Nelson Harrub, Mundale, Mass., resident 
engineer in charge of the West Parish Filter Plant, Springfield, 
Mass.; C. H. Abbott, Southbridge, Mass., superintendent and 
treasurer, Southbridge Water Supply Company; George W. . 
Priest (for associate membership), Mansfield, Mass., president of 
New Hartford Water Company and of the Composite Pipe Com-. 
pany. 

On motion of Mr. Frank L. Fuller, the Secretary was instructed 
to cast the ballot of the Association in favor of the applicants 
above named, and he having done so, they were declared elected 
members. 

The President then presented Mr. J. Waldo Smith, chief en- 
gineer, who, the program announced, would read a paper on 
* Construction Work on the Water Supply of New York City.” 
“The New York water supply construction now under way,” 
said the President, ‘‘is, I suppose, the largest piece of water- 
works construction that has ever been carried out. Certainly 
that is true of all modern times, and is true, so far as quantities 
are concerned, even if we go back to the old Roman days, although 
the Roman aqueducts certainly meant as much to mankind, if 
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not more than anything undertaken at this time. The work is 
not only very large, being second only to the Panama Canal work 
as an engineering enterprise, but it is being prosecuted rapidly 
and well.” 

Mr. Smith said he had no paper to present, but had merely 
come over from New York to show a few pictures and to explain 
what was being done to furnish an addition to the present supply 
of the city of New York. He proceeded to give an informal 
talk illustrated by a large number of stereopticon views. 

Mr. Kenneth Allen, chief engineer of the Metropolitan Sewerage 
Commission, New York, read a paper on “ The Use of the Sali- 
nometer in Studies of Sewage Disposal by Dilution.” 

Adjourned. 


Marcu MEETING. 


BrunswIck, 
Boston, Wednesday, March 8. 


Vice-President M. F. Collins in the chair. 
The following members and guests were present: 


Honorary. 
Frederic P. Stearns. 


MEMBERS. 


S. A. Agnew, E. R. B. Allardice, C. H. Baldwin, A. F. Ballou, L. M. Ban- 
croft, H. K. Barrows, G. W. Batchelder, A. E. Blackmer, J. W. Blackmer, 
E. C. Brooks, G. A. P. Bucknam, James Burnie, C. E. Chandler, J. C. Chase. 
H. W. Clark, R. C. P. Coggeshall, M. F. Collins, L. R. Dunn, E. D. Eldredge, 
F. L. Fuller, F. J. Gifford, C. W. Gilbert, H. J. Glendenning, A. S. Glover, 
X. H. Goodnough, R. A. Hale, R. K. Hale, F. E. Hall, J. O. Hamm, L. M. 
Hastings, A. R. Hathaway, T. G. Hazard, Jr., W. S. Johnson, E. W. Kent, 
Willard Kent, G. A. King, C. F. Knowlton, Wisner Martin, N. A. McMillen, 
A. E. Martin, W. E. Maybury, John Mayo, F. E. Merrill, G. F. Merrill, 
H. A. Miller, C. A. Mixer, William Naylor, A. S. Negus, G. A. Nelson, F. L. 
Northrop, O. E. Parks. T. A. Peirce, J. H. Perkins, L. C. Robinson, A. T. 
Safford, H. W. Sanderson, A. L. Sawyer, C. W. Sherman, G. H. Snell, G. A. 
Stacy, W. F. Sullivan, L. A. Taylor, L. D. Thorpe, J..L. Tighe, D. N. Tower, 
C. H. Turner, W. H. Vaughn, C.:K. Walker, H. G. Holden, G. F. West, 
F. B. Wilkins, G. E. Winslow. — 72. 
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ASSOCIATES. 


Builders Iron Foundry, by George H. Lewis; Chapman Valve Manufactur- 
ing Company, by H. L. DeWolfe; Darling Pump and Manufacturing Company 
(Ltd.), by H. H. Davis; Glauber Brass Manufacturing Company, by S. 8. 
Freeman; Hersey Manufacturing Company, by Albert S. Glover, and W. A. 
Hersey; Henry R. Worthington, by Samuel Harrison; Lead Lined Iron Pipe 
Company, by T. E. Dwyer; Ludlow Valve Manufacturing Company, by 
H. F. Gould; National Meter Company, by C. H. Baldwin and J. G. Lufkin; 
Pittsburg Meter Company, by F. L. Northrop; Rensselaer Manufacturing 
Company, by C. L. Brown; A. P. Smith Manufacturing Company, by F. N. 
Whitcomb; Thomson Meter Company, by 8. D. Higley and E. M. Shedd; 
Union Water Meter Company, by E. P. King and F. E. Hall; United States 
Cast Iron Pipe and Foundry Company, by D. B. Stokes. — 19. 


GUESTs. 


F. W. Dinwiddie, water registrar, Gardner, Mass.; Frank F. Connor, 
Lowell, Mass.; J. P. Wood, Marlboro, Mass.; Edward Parrish, Asst. U. S. 
Engineer, Newport, R. I.; John Currier and H. B. Andrews, Boston, Mass.; 
J. J. Desmond, Lawrence, Mass.; Albert S. Benson, Wm. L. Sharpe, East 
Greenwich, R. I.; Nathaniel T. Kidder, Milton, Mass.; Edward F. Hughes, 
Watertown, Mass.; Randolph Bainbridge, Quincy, Mass.; Irving T. Guild, 
F. W. Rane, and Edward S. Bryant, Mass. Forestry Association, Boston. — 
15. 


The chairman, on behalf of the Executive Committee, announced 
that the April meeting would be held at Springfield, Mass. The 
papers will be on fire protection, both from the point of view of 
water-works men and practical fire fighters. 

The Secretary presented applications for membership from the 
following, properly endorsed by the Executive Committee: 

Active membership: Edwin D. Pingree, Providence, R. I., 
vice-president and engineer for Manufacturers Mutual Fire 
Insurance Company; E. P. Stone, Saginaw, Mich., engaged in 
contracting and dredging work; Boris N. Simin, Moscow, Russia, 
designer and constructor of water works; J. W. Ledoux, Swarth- 
more, Pa., water supply, water power, and general hydraulic 
engineer, and chief engineer for American Pipe and Construction 
Company; J. L. Van Ornum, St. Louis, Mo., consulting engineer 
in various sanitary plans in Missouri, and expert in Chicago 
Drainage Canal cases; Hiram B: Andrews, concrete reservoir 
and standpipe construction engineer; Rudolph Bainbridge, 
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Wollaston, Mass., commissioner of public works for the city of 
Quincy; H. M. Urban, Birmingham, Ala., chief civil engineer, 
Tennessee Coal, Iron and Railroad Company, in charge of water- 
works construction and water supply improvement; William L. 
Wilcox, assistant chief civil engineer, Tennessee Coal, Iron and 
Railroad Company. 

The Secretary was directed to cast the ballot of the Association 
in favor of the applicants, and he having done so, they were 
declared elected. 

The first paper of the afternoon was on “ The New England 
Portion of the Proposed Atlantic Intra-Coastal Waterways,” 
by Edward Parrish, assistant United States engineer, Newport, 
R. L., illustrated by stereopticon views. The subject was dis- 
cussed by Mr. T. G. Harard, Jr., Mr. Frank L. Fuller, and Mr. 
A. S. Negus. 

Mr. F. W. Rane, state forester of Massachusetts, then presented 
a paper, which was illustrated by stereopticon views, on “ The 
Reforestation of Watersheds for Domestic Supplies.”’ The paper 
was discussed by E. R. B. Allardice, superintendent of the Wachu- 
sett Department, Metropolitan Water Works; E. S. Bryant, 
practical forester, Boston; Mr. Nathaniel F. Kidder, president 
of the Massachusetts Forestry Association; Mr. William F. Sul- 
livan, engineer and superintendent, Nashua, N. H.; and Mr. Irving 
T. Guild, secretary of the Massachusetts Forestry Association. 
Adjourned. 
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EXECUTIVE COMMITTEE. 


Meeting of the Executive Committee of the New England 
Water Works Association, at the rooms of the Association, 715 
Tremont Temple, Boston, Mass., Wednesday, January 11, 1911. 

Present: President George A. King, and members Allen Hazen, 
Ermon M. Peck, Michael F. Collins, George A. Stacy, George W. 
Batchelder, Edwin C. Brooks, Willard Kent, Lewis M. Bancroft, 
Richard K. Hale, and Robert J. Thomas. 

Two applications were received and recommended for admission, 
namely: 

For membership: Henry E. Warren, chairman water commis- 
sioners, Ashland, Mass., and A. Lincoln Fellows, consulting 
‘engineer, Denver, Colo. 

A communication from the local agent of Henry R. Worth- 
ington with reference to transfer of associate membership from 
the International Steam Pump Company was presented, and the 
Secretary was instructed to communicate with the International 
Steam Pump Company with reference to same. 

The Platt Iron Works Company, having complied with the 
requirements of the constitution, was, by unanimous vote, 
reinstated as an Associate. 

The committee on annual meeting and the committee on the 
library submitted their reports and, on motion of Mr. Stacy, the 
subject of both reports was referred to the next Executive Com- 


mittee. 


Adjourned. 
Kent, Secretary. 


Meeting of the Executive Committee of the New England 
Water Works Association at headquarters, Tremont Temple, 
Boston, Mass., February 8, 1911. 

Present: President Allen Hazen, and members J. Waldo Smith, 
Michael F. Collins, Morris Knowles, John J. Kirkpatrick, Richard 
K. Hale, Robert J. Thomas, and Willard Kent. 


184 
re 
| 
| 
| 
| 
- | 
‘ 
7 


PROCEEDINGS. 185 


A communication from the secretary of “ Boston 1915” was 
read, and Mr. Frank McInnes was made a committee of the New 
England Water Works Association to represent that Association 
at the conference of the “‘ 1915 ” organization. 

On motion of Mr. J. Waldo Smith, it was voted: That, provided 
suitable arrangements can be made, Gloucester, Mass., be selected 
as the place for holding the next annual convention. 

On motion of Mr. Morris Knowles, it was voted: That the 
President ‘be, and hereby is, authorized to appoint a committee 
to arrange for the annual convention of 1911, with full powers, 
fixing the convention as near as may be to the second Wednesday 
of September. 

Mr. Richard K. Hale was made a committee on the June outing, 
with power to appoint two associates. Messrs. G. A. King and 
W. E. Maybury were subsequently appointed. 

A communication was received from Mr. C. E. Chandler with 
reference to statistics of Rainfall and Run-off, and on motion of 
Mr. Hale it was voted: That the President be, and hereby is, 
authorized to appoint a suitable committee to investigate the 
yields of New England watersheds, and such other watersheds 
as the committee may deem desirable, during the present dry 
period. 

The President subsequently appointed Messrs. F. P. Stearns, 
H. K. Barrows, C. E. Chandler, X. H. Goodnough, R. A. Hale, 
E. E. Lockridge, Leonard Metcalf, A. T. Safford, and J. L. Tighe. 

Five applications for membership were received and recom- 
mended for admission, namely: 

For membership: Mr. C. Nelson Harrub, superintendent filter 
plant, city of Springfield, Mass., Westfield, Mass.; G. H. Abbott, 
treasurer Southbridge Water Supply Company, Southbridge, 
Mass.; Clarence Goldsmith, hydraulic engineer, Commissioner 
on Fire Protection, National Board of Fire Underwriters, New 
York City; Joseph N. McKernan, member water board, Plainville, 
Conn. 

For associate membership: George W. Priest, Mansfield, Mass. 

Adjourned. 

Kent, Secretary. 
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Meeting of the Executive Committee of the New England Water 
Works Association at headquarters, Tremont Temple, Boston, 


Mass., Wednesday, March 8, 1911, at 11.30 a.m. 
Present: Michael F. Collins, William E. Maybury, John J. 


Kirkpatrick, Robert J. Thomas, Richard K. Hale, Lewis M. 
Bancroft, and Willard Kent. 
Nine applications were received and recommended for admission, 


namely: 


For membership: Edwin D. Pingree, engineer Manufacturers 
Mutual Fire Insurance Company, Providence, R. I.; E. P. Ston, 
president Water Board, Saginaw, Mich.; B. N. Simin, engineer, 
Moscow, Russia; J. W. Ledoux, hydraulic engineer, Philadelphia, 
Pa.; J. L. Van Ornum, professor civil engineering, Washington 
University, St. Louis, Mo.; H. B. Andrews, civil engineer, Boston, 
Mass.; Randolph Bainbridge, commissioner of public works, 
Quincy, Mass.; H. M. Urban, chief civil engineer, T. C. I. & 
R. R. Co., Birmingham, Ala.; Wm. L. Wilcox, assistant chief 
civil engineer, Tennessee Coal, Iron and Railway Company, 
Central Water Works, Birmingham, Ala. 


Mr. George W. Priest, president and manager of the New 
Hartford Water Company, was transferred from associate to 
active membership in the Association, by motion of Mr. Thomas. 

On motion of Mr. Kirkpatrick, seconded by Mr. Bancroft, it 
was voted to hold a special meeting of the Association on the second 
Wednesday in April. 

On motion of Mr. Bancroft, seconded by Mr. Hale, it was voted 
that the April special meeting be held in the city of Springfield, 
Mass., and that the President, Secretary, Mr. E. E. Lochridge, 
J. J. Kirkpatrick, and A. E. Martin, be a committee of arrange- 
ments, and that the subject for discussion be “ Fire Protection.” 


Adjourned. 
Kent, Secretary. 
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Louis E. Hawes died from apoplexy, at Wakefield, on January 
29,1911. Mr. Hawes was born in Springfield, Mass., on January 
27, 1860. On graduating from the Worcester Polytechnic Insti- 
tute in 1882, he became assistant superintendent of the Water 
Works at Northboro. In 1883, he was made assistant engineer 
on the construction of the Wakefield Water Works, and in 1892, 
he designed the sewerage system for that town, and became chair- 
man of the sewerage commission in 1895. 

Mr. Hawes has been prominent in the construction of water 
works throughout New England for the past thirty years. Among 
the works built under his direction are those at North Attleboro, 
Norwood, Ayer, Edgartown, Provincetown, Marion, Needham, 
Avon, Mass., Rockland, Me., Dover, N. H., and many others. 

Mr. Hawes was married in Wakefield in 1886 to Hattie M. 
Emerson, who, with a son and daughter, survives him. 

Mr. Hawes was a member of the American Society of Civil 
Engineers and of the Boston Society of Civil Engineers. He was 
elected a member of the New England Water Works Association 
on December 12, 1888. ; 


LEONARD PaRKER KInNicuTI* was born in Worcester, Mass., 
May 22, 1854, the son of Francis H. and Elizabeth Waldo 
(Parker) Kinnicutt. After graduation from the Massachusetts 
Institute of Technology in 1875, as bachelor of science in the 
department of chemistry, he spent four years at the univer- 
sities of Bonn and Heidelberg, studying under the famous chem- 
ists, Bunsen and Kekule, and coming into contact with Hempel 
* Memoir prepared by Leonard Metcalf. 
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of Dresden, Treadwell of Zurich, Anschutz of Bonn, and other 
well-known scientists, with whom he kept up a lifelong corre- 
spondence. Returning to the United States he studied for a year 
at Johns Hopkins University, under Remsen, ‘and was then called 
to Harvard College as instructor in chemistry. For three years 
he taught there, incidentally taking the degree of doctor of science 
himself, and was then called to Worcester. There he spent the 
rest of his professional life, first as instructor, 1882, then as as- 
sistant professor, 1883, and thereafter as full professor,— being 
made director of the laboratory in 1892. He died of tubercu- 
losis, February 6, 1911. 

During the last twenty years or more of his life Dr. Kinnicutt 
devoted much time to problems in sanitary science, upon which 
subject he became a recognized authority. Frequent trips 
to England and the Continent, coupled with his keen interest 
in science and his winsome personality, kept him. thoroughly 
in touch with modern tendencies and developments, and en- 
abled him to perform a unique service alike to science, to the 
public, and to his fellowmen. 

An indomitable worker, he found time to take an active part 
in matters of civic importance within his field, such as the ex- 
perimental work in sewage disposal carried on by the city of 
Worcester, problems touching the city’s water and milk supplies, 
courses of lectures for foremen and skilled mechanics, and many 
other questions of lesser importance. 

The files of many professional journals and papers and the 
many quotations from his utterances bear witness to the ac- 
tivity of his mind and pen, while the attention and interest with 
which men listened to him bore witness to the soundness of his 
views. His last work upon “ Sewage Disposal,’”’ written in col- 
laboration with Winslow and Pratt, is the latest and best book 
of its kind upon this subject. 

-He was a Fellow of the American Association for the Ad- 
vancement of Science, and member of many societies and clubs, 
—the American Chemical Society, New England Water Works 
Association (of which he was elected a member on February 
8, 1893), Boston Society of Civil Engineers, Society of Bacteri- 
ology, the London and German Chemical societies, Association 
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of Managers of Sewage Disposal Works of England, and of the 
Worcester, St. Botolph, Bohemian, Harvard, and Tatnuck 
Country clubs. 

In his college work Dr. Kinnicutt was most successful. His 
knowledge of his subject and enthusiasm as a teacher commanded 
the respect and attention of his students, but it was his knowl- 
edge of men, his real and helpful interest in his “ boys,” both 
as undergraduates and later as workers and men of the world, 
‘that won their loyal support and warm affection. It was to him, 
of all the faculty, that they turned, whether in need or trouble, 
or bubbling over with enthusiasm of new discovery or success. 

Devoted to his family and his friends, his books and his garden, 
he was at his best in his home. Keen in his interests and judg- 
ment of men, catholic in spirit and taste, he was a rare host, 
and an addition to any group of men. A fearless yet courteous 
’ eritic; of good poise and mental balance; a man of the world, 
yet always human; a lover of mankind,— he was worthy of the 
love men bore him. 
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ADVERTISEMENTS. 


Water Meters 


FOR ALL WATER WORKS SERVICE 


All Sizes, 5-8 to 6O inches 


CROWN 
EMPIRE 
NASH 
GEM 
PREMIER 


With the only reliable straight- 


reading register in the marKet 


National Meter Company 


84-86 CHAMBERS STREET 
NEW YORK CITY 


BOSTON CHICAGO PITTSBURG LOS ANGELES 
159 Franklin St. 1223 Wabash Ave. 4 Smithfield St. 411So0. Main St. 
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GAS ENGINE and 
TRIPLEX PUMP 


FOR 
Town and Village Water 


Works ¥ ¥ ¥ and Pump 
ing Service Generally 


CAN BE ADAPTED FOR 
EITHER GAS OR GASOLENE 


National Meter Company 
84-86 CHAMBERS STREET, NEW YORK 


CHICAGO: 1223 Wabash Ave. PITTSBURG: 4 Smithfield Street 
BOSTON: 159 Franklin Street LONDON: Saracen Chambers 
LOS ANGELES: 411 South Main Street 
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ADVERTISEMENTS. 


Stop Wholesale Loss 


USE THE HERSEY DETECTOR-METER ON 


FIRE AND MANUFACTURING SERVICES 


————ENDORSED BY WATER DEPARTMENTS AND UNDERWRITERS— 
THIS IS THE ONLY METER 


WHICH REGISTERS ALL LARGE FLOWS 
WHICH REGISTERS ALL SMALL FLOWS 
WHICH DOES NOT OBSTRUCT THE FLOW 


Send for Catalog and also “THE HERSEY DETECTOR-METER and 
what Waterwork Officials say about it” 


HERSEY MANUFACTURING CO. 


Main Office and Works: SOUTH BOSTON, MASS. 


BOSTON, MASS., 714 Tremont Temple NEW YORK, N. Y., 174 Fulton Street 
CHICAGO, ILL., 84 La Salle Street BUFFALO, N. Y., 806 White Building 
COLUMBUS, O., 211 Schultz Building ATLANTA, GA., 201 Kaiser Building 


ALL KINDS OF METERS FORALL KINDS OF SERVICES 


400,000 SOLD 
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ADVERTISEMENTS. 


ACGCURAGY, LONG LIFE, 
Avoidanee of Repairs 


Are the Requisites of the Perfect Water Meter and 
are the Principal Features of the 


“ LAMBERT.” 


Our unbreakable disk-piston, reinforced with an internal steel 
plate, can be found only in the LAMBERT METER. 

The growing popularity of the water-meter system is attributed 
by many to the inherent excellence of the ** LAMBERT ” meter. 
Where ** LAMBERT” meters are selected, success is assured. 


THOMSON METER CO. 
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ADVERTISEMENTS. 


Assembling Simplicity of Trident Construction 


The above cut shows a Trident-Disk Meter dismantled and the extreme ease with which it can be 
assembled, by first putting in the gear train, then the disk-chamber, the frost bottom next, then the 
register and register box and the meter is complete. The Trident combination wrench is the only 
tool necessary to use, 


NEPTUNE METER COMPANY 


90 WEST STREET NEW YORK 


CHICAGO, BOSTON. SANFRANCISCO, 
ATLANTA, LOSANGELES, PORTLAND, SEATTLE 
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ADVERTISEMENTS. 


Two | 
WATER METERS 
One Quality 


KEYSTONE EUREKA 


For house, factory, For measuring large 
and similar service rapidly flowing volumes 


We do not make three or four 

grades of meters for the 

same service. Our one grade 

is the best we can make — 

and it has proven to be the 

best on the market. 
CATALOG FREE 


Pittsburg Meter Company 
Main Office and Works, East Pittsburg, Pa. 


NEW YORK CHICAGO KANSAS CITY SEATTLE 
165 Broadway 337 W. Madison St. 6 West 10thSt. Sthand Madison Sts. 


SAN FRANCISCO COLUMBIA, S.C. 
149 New Montgomery St. 1230 Washington St. 


MAKERS OF GAS METERS AND WATER METERS 
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ADVERTISEMENTS. 


We Send Trial Meters Free 


To Cities and Water Companies desiring 
to Improve their Meter Service 


The Worthington 
Disc Meter 


Is not only accurate and well constructed, but it is made in 
the largest meter factory in the world and by the most 
modern machinery, and embodies twenty years of experi- 
ence. The disc is water balanced, reducing wear to a 
minimum. Sand cannot collect under its bearing and grind 
it out. Friction is further minimized by the greater dis- 


placement per rotation of the disc, which also reduces the 


speed and wear of the gear train. Drop us a letter giving 
the conditions of your service and the number of con- 
sumers connected, and we will be pleased to send our 
Bulletin W112 NE and carry out the conditions of the 
above offer of a trial meter. 


HENRY R. WORTHINGTON 
115 Broadway New York 
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UNION ROTARY, COLUMBIA, DISC 
and NILO (velocity) WATER METERS 


Water Pressure Regulators 
Waste Stops and Corporations 


UNION WATER METER COMPANY 


WORCESTER, MASSACHUSETTS 


GRAVITY ano PRESSURE 


FILTERS 


THe NeW YORK GONTINENTAL JEWELL FILTRATION Co, 


15 BROAD STREET NEW YORK 
167 DEARBORN STREET CHICAGO 


OWNERS OF THE NEGATIVE HEAD FILTER PATENT 


PITTSBURGH FILTER MFG. CO. 
NORWOOD ENGINEERING CO. 
ROBERTS FILTER MFG. CO. 
J. N. CHESTER, C. E. 
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ADVERTISEMENTS, 


No. 4 MUELLER 


No. 6 MUELLER an nd 
No. 78 Curb Cock 


CurbCocks “== 


Mueller Corporation Cocks are 
made of red brass, carefully 
cored for evenly balanced walls, 
keys smoothly ground and pol- fF 
ished into the body. V 


Mueller. Patent Cap Inverted 


Key curb cocks have the strong- 


est check ever devised. Two 
lugs in the cap operate against 
two lugs on the rim of the cock. No. 84 Curb Cock 
When brought together the cock Min". Top Patent Cap 
is certain to be full open or full es: 
closed. 

Corporation wad curb cocks in 
all patterns tested 200 pounds 
hydraulic pressure. 
Unconditionally guaranteed. 


TRADE MARK 


MUELLER 
REGISTERED 
H. MUELLER MFC. CO. 
Works and General Offices Eastern Division 
DECATUR, ILL., U.S. A. NEW YORK, N. Y., U.S.A. 
West Cerro Gordo Street 254 Canal Street (Cor, Elm) 


CHICACO BRANCH, 37 DEARBORN STREET 
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Harold. Bond Company 


= 
PERFECT 
| PIPE. — 
TRY ao 
=, 


Lead late Packing, Calk= 
ing Tools, and all supplies for 


WATER WORKS CONSTRUCTION 


‘ Send for Price-list 


383-391 Atlantic Ave., Boston 


Henry M. CLARK. 


Boston Engineers’ Supply Co., 


RUBBER HOSE, BELTING and PACKING, 


OILS and MILL 
SUPPLIES, 


Engine Packings, Grease and Specialties. 
No. 56 PURCHASE STREET, 


BOSTON. 


TELEPHONE, MAIN 4455-2. 


PARAMOUNT CSLINDER OILS. 


SIMPLEX VALVE AND METER COMPANY 


Manufacturers of 


VENTURI TUBES and 


METERS 
ALTITUDE VALVES 


For Reservoirs and Standpipes — Non- 
Freezable 


ALTITUDE VALVES 
For Railroad Water Gubs—No Water 


Hammer 


RATE CONTROLLERS 


Loss of HEAD and 
Rate of FLOW GAUGES 


For Large Pipes 


For Filters 


MANOMETERS 
REGULATING VALVE AUTOMATIC AIR VALVES 
112 North Broad St. Philadelphia 
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Kirkpatrick, Mgr. 


S. P. Gates, Asst. Mgr. 
Established 1878 


B. F. SMITH & CO. 


Incorporated 
Artesian and Driven Wells, Foundation Borings 


Engineers and Contractors for Muni- 
cipal and Private Water Works 


Office 38 Oliver Street Boston, Mass. 


HAGUE 


SILENT PUMPING ENGINE 
GAS OR ELECTRIC POWER 


FOR WATER WORKS 


CHARLES A. HAGUE 
52 BROADWAY 


NEW YORK CITY 


THIS IS THE FAMOUS 


BLACK SQUADRON 


METALLIC 


PACKING 


That is iia exclusively in so many of the 
largest and most up-to-date water-works 
* pumping stations throughout the world. 

Send for free samples of high-pressure, 
low-pressure and semi-metallic. Also send 
for sample of Cancos Metal Polish. 


CANCOS MANUFACTURING CO. 


Geo. M. CosTELLo, PresrT. 
PHILADELPHIA, PA. 
3ranch Office: 102 HIGH STREET, BOSTON, MASS. 


WILLIAM R. CONARD 


Assoc. Amer. Soc. C. E. Assoc. Mem, Amer. Soc. M. E. 
322 High St., Burlington, N. J. 
Inspections and Tests of Materials 
SOUTHERN OFFICE 


Maison Blanche Bldg., New Orleans, La. 
R. C. HUSTON, C.E., Special Representative 


H. W. Clark Co, 


110 So. 17TH ST. 
MATTOON, 
ILLINOIS 


Manufacturers of 


The CLARK 
METER BOX” 


And other WATER WORKS APPLIANCES 


Be sure you have our =” E CAUTION our many 


Catalogue and Prices friends and patrons against 
before buying. infringements of our patents. 


Dixon’s Waterproof 
GRAPHITE GREASE 


For the lubrication of hydrants, gates, etc. 
Send for free sample 


JOSEPH DIXON CRUCIBLE CO. 
JERSEY CITY, N. J. 


The Pitometer 


Company 
220 BROADWAY 
NEW YORK 


Photo-recording instruments 
for Water Waste Surveys. 


Pump Slip Indicators in- 
stalled at small cost. 


Portable Test Pitometers 
sold with full printed in- 
structions and tables. 


Write for Information 
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THE A. P. SMITH MANUFACTURING CO, 


NEWARK, N. J. 
Manufacturers of 
Tapping [lachines, Fire Hydrants, Water Gates, 

Economic Lead Furnaces, 
Corporation and Curb Cocks, Brass and Aluminum Castings. 
Also General Supplies for Water and Gas Works. 


Write for Catalogue. 


JOHN FOX NICHOLAS ENGEL 


JOHN FOX @ CO. 
CAST IRON 
WATER @ GAS PIPES 
FLANGE PIPE 


Special Castings, Fire Hydrants, Valves 
General Foundry and Machine Work 


253 BROADWAY - ~ NEW YORK CITY 
Postal Telegraph Building 


HIGHEST AWARD, GOLD MEDAL, 


ST. LOUIS EXPOSITION, 1904 


Over 100 Water Departments 


use 


LEAD-LINED IRON and TIN-LINED PIPES 


for their service connections 


MANUFACTURED BY 


Lead Lined Iron Pipe Company 


Wakefield 


Mass. 
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AMERICAN ano NIAGARA 
WATER METERS 


WITH 
WEL BEARING 


INTERMEDIATE 


have one model of 

high-grade working 

parts turnished in dit 

ferently constructed 

outside casings and 

fitted with either style 

ofdial. Each meter is 

assembled and tested 

with unusual care and 

STANDARD DIAL precision. Their de- STRAIGHT READING DIAL 

sign, materials and workmanship insure accuracy, durability and 
satisfaction. 


BUFFALO METER CO. 


290-296 TERRACE, BUFFALO, N. Y. 
ESTABLISHED 1892 


DisTRIBUTERS FOR New ENGLAND 


GEO. E. GILCHRIST CO., 106 HIGH STREET, BOSTON, MASS. 
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ADVERTISEMENTS. 


We make Pressure Regulating Valves 
for all purposes, steam or water. 


Our Feed-Water Filter will keep oil 
out of your boiler. 
We can interest you if you use a condenser. 


Water Engines for Pumping Organs Oa 
THE Ross VALVE MFG. Co. Bate. 


or parlor or; 


TROY, N. Y. 


NORWOOD ENCINEERING CO. 
FLORENCE, MASS. 
NOTICE—WE HAVE ARRANGED TO MANUFACTURE THE CELEBRATED 


WALKER FIRE HYDRANT 
ONE OF THE BEST HYDRANTS MADE 


MECHANICAL FILTRATION 
PLANS AND ESTIMATES CHEERFULLY SUBMITTED 


CAST IRON 
‘FOR WATER AND GAS 
CHAS. MILLAR @ SON CO., Selling Agents 
Main Office, Utica, N. Y. 
Branch Office 176 Federal St., Boston, Mass. 


They set the Pace 


ASHTON POP VALVES 
and... STEAM GAGES § 


Superior in Quality of material and workman- J 
ship, and with greatest efficiency and durability, 
they challenge comparison with any others on 
the market. Send a trial order subject to ap- 
proval ONLY IF SATISFACTORY, and thereby prove the claims made fe 
them. HIGH GRADE GOODS OUR EXCLUSIVE SPECIALTY 


> The ASHTON VALVE CO, 211 Franklin Street, BOSTON, MASE 
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400 CHESTNUT STREET, PHILADELPHIA, PA. 


Engineers, Iron Founders and Machinists 


“PUMPING ENcINes Cast Iron Pipe 


CUTTING-IN 


Old Way 
Connections economically and eas- 
ily made with one fitting. Saves 
sleeve, cuts, lead and unnecessary ~ 
work and material. 


** Reduced Specials” 


Cost of fittings reduced from 25%, 
to 50%. Full strength. Deep bells. 
to handle. Sold by 


Mathews 
Hydrants 


A half century of use has established their reputation as 
being the most economical, durable and simple hydrant. 


Number in use exceeds total of all other 
makes combined. 


Gate Valves 


R. D, WOOD & CO, STANDARD 
DOUBLE DISK 
ANTLFRICTION 
EXTRA WEIGHT, FINISH 
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ADVERTISEMENTS. 


THE LUDLOW VALVE MFG. GO. 


«+» MANUFACTURERS OF .., 


VALVES AND FIRE HYDRANTS 


This hydrant is anti-freezing, because when the drainage 
is good no water is left in it to freeze. 
The drip is directly in the bottom of the hydrant and 
drains perfectly. It is protected by its valve, which 
never leaves its socket and cannot be clogged. 


DOUBLE AND 
SINGLE GATE 


VALVES, 
ALSO CHECK 
L, VALVES, 


VALVES. 


FIRE j 
HYDRANTS. 


YARD, WASH, 
AND FLUSH me 
HYDRANTS. 


S. D. M. Je 


Coffin Valve Company, 
Baston, Wass. 


Makers of the largest Sluice and Gate Valves in America 


SLUICE VALVE 


of every size and for every condition 
GATE VALVES CHECK VALVES FIRE HYDRANTS 
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XVili ADVERTISEMENTS. 


CHAPMAN 
Valve Manufacturing Co. 


General Office and 
Works ¥ ¥ 


Indian Orchard 
Massachusetts 


Manufacturers of 


Valves and Gates 


for all purposes ¥ ¥ Also 


Gate Fire hydrants 


AGENCIES 


BOSTON 
94 Pearl St. 


NEW YORK 
49 John St. 


PHILADELPHIA 
1011 Filbert St. 


CHICAGO 
120 Franklin St. 


ST. LOUIS 
16 S. Twelfth St. 


CHARLOTTE, N.C. 
Thos. B. Whitted & Co. 


PITTSBURGH 
47 Terminal Way 


LONDON 
147 Queen Victoria St. 


PARIS 
54 Boulevard du Temple 


JOHANNESBURG 
South Africa 


MONTREAL, CAN. 
Jas. Robertson Co., Ltd. 


TURIN, ITALY 


% Pietro Ferrero & C. 
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The “COREY” 
FIRE HYDRANT 


successruL SUPERIOR 


DURABLE 


= RENSSELAER VALVES yg 


ALL SIZES ALL_ PRESSURES 
WATER, STEAM, GAS, OIL, ETC. 


ELECTRICALLY OPERATED VALVES 
Check Valves Air Valves 
Indicator Posts Valve Boxes 


CATALOGUE UPON APPLICATION 


RENSSELAER MFG. CO., Troy, 


BRANCHES——————- 


NEW 180 Broadway House Bldg. 
CHICA ST. LOUIS, M 
Monadnock Block 1228, Chemical Bldg. 


Warren Foundry »° Machine CO. Established 1856 


Works at Phillipsburg, New Jersey. 
Sales Office, 111 ‘Broadway, New York. 


Cast Iron | Water From 3 to 60 inches 
-and Gas Pr | r E in diameter. 


——ALSo 


ALL SIZES OF FLANGED PIPE 
SPECIAL CASTINGS. 
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ADVERTISEMENTS. 


Solvay Protective Paints 


FOR 


IRON AND STEEL 
CRYSOLITE 


PROTECTS CORRUCATED IRON and STRUCTURAL STEEL 


HYDRAULIC PAINT 


PROTECTS STEEL WATER PIPE and SUBMERCED STEEL 
ACID RESISTING PAINT 


PROTECTS BLAST FURNACES,:SUCAR and PAPER MILLS, &c. 
FROM CORROSION 


Write for Booklet W-44 


SEMET-SOLVAY CO. 
Syracuse, N. Y. Ensley, Ala. New York Chicago 


Are You Cetting Full Efficiency 
of Your Water Mains? 


July 13, 1907 


Fire plug showing increased flow under same pressure 
at Wheeling, W. Va. :: For further particulars address 


National Water Main Cleaning Co., EW YORK. 
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ADVERTISEMENTS. 


WESTERN OFFICE: (i astern orrice: 
cicaso, NEW YORK CITY 


FOR WATER AND CAS 


McWane Pine Works 


MAIN OFFICE: LYNCHBURG, VA. 


FOUNDRIES: 
LYNCHBURG, VA. RADFORD, VA. 


EMAUS PIPE FOUNDRY, 
DONALDSON IRON CO.. 


MANUFACTURERS 


IRON 
PIPE 


Special Castings for Water and Gas. 
Also Flange Pipe, Lamp Posts, Street Castings, 


- Manhole Heads and Covers, etc. 
GEORGE ORMROD, 


President and Treasurer. 
J.G. EBERLEIN, Secretary. ~ EMAUS, 
JOHN D. ORMROD. 


Vie nd Seinen LEHIGH COUNTY, PA. 
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Xxii ADVERTISEMENTS. 


CAST IRON PIPE 


ALL REGULAR SIzEs, 3 INCHES TO 84 INCHES 


ror WATER, GAS, SEWERS, DRAINS, Etc. 


SEND FOR STANDARD SPECIFICATIONS 


RAILROAD AND TURNPIKE CULVERTS 
FLANGE PIPE AND FLANGE FITTINGS 


HEAVY CASTINGS 


AND THOSE MADE FROM ORIGINAL DESIGNS 


United States Cast Iron Pipe and Foundry Company 
GENERAL OFFICES, 71 BROADWAY, NEW YORK 
Eastern Sales Office. . . 71 Broadway, New York | Southern Sales Office . . . . Chattanooga, Tenn. 


Western Sales Offices, 638 “‘The Rookery,”’Chicago, Il]. | Pittsburgh Sales Office . . . . Murtland Building 
Philadelphia Sales Office . . «Land Title Building 
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ADVERTISEMENTS. 


Venturi 
Meters 


Builders Iron Foundry 
PROVIDENCE, R. I. 


Established 1820 oe Incorporated 1855 
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XXiv ADVERTISEMENTS. 


Chadwick-Boston Lead 


Corner Congress and Franklin Streets 


162 Congress St. BOSTON 180 & 182 Franklin St. 


LEAD PIPE AND SHEET LEAD 


Patent Tin-lined Pipe 
Pure Block Tin Pipe 


PIG LEAD 


(Best Brands for Joint Work always in Stock) 


Pig Tin, Wire Solder, Pumps, etc. 


ALSO 


“Forest River” and “Star” Brands 


PURE WHITE LEAD 
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ADVERTISEMENTS. 


Eoco Gilsonite Paint 


(Prepared under German Formulas) 


Put this Paint on your Stand-Pipe, Pumps, Engines, 
Smoke Stack, Hydrants, brick, cement or wood-work, 
inside or outside your station; in fact, qeuiiinn requir- 
ing Paint, then let us 


about it 


It is Water proof and Heat proof; it is Elastic and will 
not crack; retains its gloss; is easily applied; has greater 
covering capacity; washed down with water it becomes 
fresh and bright. Just like new. 


When applied according to directions, we give a guar- 
anty that it will stand for five years. Paint with a 


GUARANTY 


is worthy of your consideration, 


EOCO GILSONITE PAINT 


THE PAINT OF NINE COLORS 


Color card and price sent on request 


Which will you buy? 


Paint on a Guess, or 
Paint on a Guaranty ? 


Eagle Oil @ Supply Co. 


Sole N. E. Agents 
Address Paint Department 


104 Broad Street BOSTON, MASS. 
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ADVERTISEMENTS. 


ENGINEERING NEWS 


Founded 1874 


The Leading Engineering Paper 
of the World 
For Engineers, Architects, Draftsmen, Contractors, 


Manufacturers, Purchasing Agents, Government 
and Municipal Officials 


Stands for progress, character and the highest ideals of the 


Engineering profession. 

Covers the broad field of Engineering more comprehensively than 
any similar publication. 

The most ably edited and most widely quoted technical journal in 


the world. 

Nearly 2000 pages of text amply illustrated with photographs and 
drawings, and 450 pages of authentic Construction News notes. 

The principal medium for “Situations Open,”’ “Situation Wanted ” 
and “ Proposal” advertising. 

Book Reviews in “Engineering Literature” Supplement, and 
Market Reports in “Current Prices of Engineering Materials.” 


A subscription is an investment — not an expense 
ONE YEAR $5.00 
A Sample Copy Sent on Request to Any Address. 


Can You Afford to be Without the Most Important Journal 
Devoted to Your Profession ? 


“MUNICIPAL FRANCHISES ” 


By DELOS F. WILCOX, Ph.D., Chief of the Bureau of Franchises, 
Public Service Commission, First District of New York 


A valuable book which should be in the hands of every municipal official and 
engineer who comes in contact with franchise problems. 


Price, $5.00 Postpaid. — Send for Table of Contents. 


The Engineering News Publishing Co. 
220 Broadway New York City 
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Goods That Please 


Corporation Cocks 
Lead Goose Necks 
High-Grade Round-Way Curb Cocks 
Inverted-Key Round-Way Curb Cocks 
~ Original Hays-Erie Curb Boxes 


Each cock is tested under 200 pounds hydraulic 
pressure, and all goods fully guaranteed. 


Complete line Water Works material. It will be 
to your interest to learn more about our products 


127TH anv LIBERTY STS. 
ERIE, PENNSYLVANIA 
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XXViili ADVERTISEMENTS. 


The 
Design and Construction 
of 
Water-Works Systems 


and Novel Features in their 
Management are given 
careful attention by 


THE 
Engineering Record 


It’also gives prominence to the 
following departments of a 
Water-Works System : 


DAMS PIPE SYSTEMS 
AQUEDUCTS WATER TOWERS 
PUMPING STATIONS FILTERS 


SAMPLE COPIES FREE 
Subscription Price, $3.00 a Year 


ENGINEERING RECORD 


239 WEST 39TH STREET ~NEW YORK 
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ADVEKTISEMENTS. 


1881 1910 


The Cook Well Co. 


ST. LOUIS, MO., U. S. A. 


Cook’s System of Wells 


For Cities, Towns, Villages, Railroads, Ice Plants, 
Breweries and Manufactories 


Cook’s Patent Brass Tube 
Well Strainer 


Cook’s Deep Well Pumping Engines 


ESTIMATES FURNISHED UPON APPLICATION 
WRITE FOR CATALOGUE AND SAMPLES 


STANDARD GAST IRON PIPE & FOUNDRY 00. 


BRISTOL, PA. 
CAST IRON PIPE AND SPECIAL CASTINGS 


GENERAL FOUNDRY AND MACHINE WORK 


PLANT LOCATED ON DELAWARE RIVER 


Most Modern and Best Equipped Shipments made Either 
Cast Iron Pipe Plant in America by Water or Rail 


— 
: 
i 
. 
4 
al 
| 
: 


xxx 


ADVERTISEMENTS. 


Trad 


I. 
2. 


12. 


Twelve Reasons Why 


YOU SHOULD USE 


Registered U. S. Patent Office 
FOR 


Jointing Water Mains 


DURABILITY. Leadite joints increase in strength with age. 

NO CAULKING. Leadite joints require no caulking, because 
the Leadite adheres to the pipe, making a water-tight bond. 

COMPARATIVE QUANTITIES. One ton of Leadite is 
equivalent to four tons of lead. 

LABOR SAVING. Saves caulking charges and digging of 
large bell-holes, and reduces the cost of trench pumping to 
the minimum. 

COST. Its use saves 50 to 65 per cent. over lead, owing to the 
saving effected in material and labor. 

TOOLS. As no caulking is required, fewer tools are needed. 

TRANSPORTATION. Considerable freight charges are saved 
because Leadite is lighter than lead. 

HAULING. Saves hauling expense on the work because you 
move only one fourth the weight of jointing material. 

FUEL. Saves fuel because you melt only one ton of material 
instead of four, and not as much heat is required either. 

DELIVERY. We can make prompt shipments. 

DAMAGE SUITS. Claims for damages caused by joints blow- 
ing out are prevented because Leadite joints will not blow 
out under any pressure. 

USERS. Progressive water works all over the country use 
Leadite. 


WRITE FOR BOOKLET 


THE LEADITE COMPANY, Inc. 
LAND TITLE BUILDING 


PHILADELPHIA 
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ADVERTISEMENTS. 


" CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued). 


ENGINEERS. 
Charles A. Hague... ccc xii 


FILTERS AND WATER SOFTENING PLANTS. 


Norwood Engineering Co. . 
Ross Valve M’f’gCo.. eee 


FURNACES, ETC, 


GAS ENGINES. 
National 


GATES, VALVES, AND HYDRANTS. 
Ashton Valve Co. . 


The A. P. Smith M’f’g Co........-. 


INSPECTION OF MATERIALS. 


LEAD AND PIPE. 


LEADITE. 


METERS. 


< 


Builders Iron Foundry Xxill 


METER BOXES. 


OIL, GREASE, ETC. 

Boston Engineers’ Supply Co. ..... . 
Jos. Dixon cible Co... 
Eagle Oil and Supply Co... . . 


PACKING. 
Harold L. Bond & Co. .... 


Boston Gapply Co. eee ee 


PAINT. 
Semet-Solvay Co. ....... xx 


PIPE JOINTS. 


PRESSURE REGULATORS. 


Simplex Valve and Meter Co... xi 
Union Water MeterCo. ix 


(Index continued on page 


2 
New York Continental Jewell Filtration Co... . ix 
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XXxil ADVERTISEMENTS. 


New England Water Worlis Association 


STANDARD SPECIFICATIONS 


FOR 


Cast Iron Pipe 


AND 


Special Castings 


Price 10 Cents 


Address, WILLARD HENT, Secretary 
weer 715 Tremont Temple 
BOSTON, MASS. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Concluded), 


PUMPS AND PUMPING ENGINES. 


Cook Well Co. 
National Meter Co. . 
R. D. Wood & 


STRAINERS. 
Cook Well Co. 


TAPPING MACHINES. 


H. Mueller Mfg. Co. 
The A. P. Smith M’f’g Co.: 


TOOLS AND SUPPLIES. 
Boston Supply Co. .. 
H. Mueller Mfg. Co. . . 


Co. 
Smith weg Co. 


Hays Co 
The Leadite Co 
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Journal of the Hew England Water Works Association 


ae isa quarterly publication, conteining the papers read at the meetings, to- 


_ gether with verbatim repofts of the discussions, Many of the contribu- 


tions are from: writers of the highest stapding in their profession. It 


affords a convenient medium for.the Interchange of infcrmation and experi- 


ae “ence betiveen the members, who are so widely separated as to find frequent 


an impossibility. Its success has gore than met the expectation 
of its projectors ; there isa large and increasing demand for its issues, and 


every addition. to its substription list material aid In extending its field 


- of usefulness. ALL MEMBERS OF THE ASSOCIATION RECEIVE THE JOURNAL 


IN PART RETURN FOR THEIR ANNUAL wel the subscription 


ae dollars ack 


pas attention of: AAS dealing in goods used by Water Departments is 
called'to the JOURNAL OF THE New Eneuanp Warrk Works Asso- 
CIATION as‘an advertising medinm. 

subseribers include the principal WaTER Works ang 


in the States. -The ¢cifculation is over FOO 


COPTES.« 


Beiag filled with original ‘hatter of the greatest interest to Water 
Works officials, it is PRESERVED and constantly REFERRED TO BY 
THEM, and advertisers are sues more certain to REACH BUYERS than 


by any other means. 


The JOURNAL is not: published as a means of revenue, advertisements 


“ADVERTISING RATES. 


One-half page, one year, four Forty Dollars. 
One-fourth page, one year, four Insertions Twenty-five Dollars. 
- One-twelfth page (card), ona year, Ten Dollars, 
One ‘page, single insertion.» Thirty Dollars. 
One-half page, single igsertion “Twenty Dollars. 
“Size of page, Tj. x 43 net. 


A will. be fent. on application. 


4 


For further information, address, 


RIGHARD K, MASS. 
Editor, 


_ 85 Water Street, Boston, Mase. 
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